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Cc. A. D‘ALONZO, M.D., F.A.C.P., Wilmington, Del. 


The scope of occupational medicine is 
constantly increasing. Many still consider 
the physician in industry to be someone who 
spends the bulk of his time in a “first aid 
station” dressing bruised fingers. The earlier 
practice of industrial medicine admittedly 
was devoted solely to the treatment of 
traumatic injuries. An adequate safety pro- 
gram, however, all but eliminates the trau- 
matic work of the occupational physician in 
the dispensary, and the little which remains 

Accepted | for publication Feb. 19, 1957. 
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The Expanding Scope of Occupational Medicine 


Fig. 1—The da Pont Emergency Hospital, 
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A. 


can be performed adequately by a nurse 
under the direction of a physician. The 
physician is thus free to direct his attention 
to more vital functions. Figure 1 shows 
Dr. G. H. Gehrmann, formerly Medical 
Director, E. I. du Pont de Nemours & Co. 
(Inc.), and now retired, in front of a new 
hospital at our Parlin Plant in 1916. Dr. 
Gehrmann joined the du Pont Co. in 1915, 
and in the short space of one year had out- 
grown the “first aid station” and moved 
into the new plant hospital. His creativeness 
and foresightedness started, in our company 


Parlin Plant, erected 1916. Left to right: 


Dr. G. H. Gehrmann, Chief Surgeon, and Dr 
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A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


THE FUNCTIONS OF 
AN OCCUPATIONAL MEDICAL DEPARTMENT | 
WHERE pO 

WE 


ADMINISTRATIVE DUTIES 


(WOUSTRIAL MEDICAL RESEARCH 
AND INDUSTRIAL HYGIENE 


REFERRAL OF EMPLOYEES TO APPROPRIATE 
GENERAL PRACTITIONERS, SPECIALISTS, 
HOSPITALS 


ADMINISTRATION OF FIRST AID FOR WON - 


OCCUPATIONAL ILLWESSES 
| HEALTH EDUCATION, ADVICE, ANO GUIDANCE 


| HEALTH EXAMINATIONS , STUDIES, AND PROCEDURES 


CARE FOR, PREVENT WHEN POSSIBLE, ALL ILLNESSES OR 
INJURIES WHICH ARISE OUT OF, OR OVE TO, ONE'S EMPLOYMENT 


INSTITUTE PREVENTIVE AND PROTECTIVE SAFETY, ENGINEERING, 
TOXICOLOGICAL , MEDICAL , HYGIENIC, AND PSYCHOLOGICAL 
METHODS TO REDUCE, OR ELIMINATE, ENVIRONMENTAL, 
INSTRUMENTAL, OR HUMAN HAZARDS 


LIAISON FUNCTION FOR THE HUMAN ENVIRONMENTAL , OR PSYCHOLOGICAL 
PROGLEMS IN THE MEDICAL SPHERE WHICH MAY POSSIBLY SEPARATE 
MANAGEMENT AND CABOR EMPLOYEES 


DETERMINATION OF COMPENSATION FOR OCCUPATIONAL ILLNESSES , OR 


INJURIES ; KNOWLEDGE OF COMPENSATION LAWS IN A PARTICULAR STATE 


| MEDICAL PROBLEMS OF RADIO~ACTIVE MATERIALS 


| ccmeat OBSERVATIONS ON REACTIONS TO CHEMICALS AND ENVIRONMENTS 


| BIOSTATISTICAL STUDIES , RESEARCH, RECORDS, ETC. 


| PLANNING MEDICAL LAYOUTS, LOCATION OF MEDICAL UNIT, ETC. | NOISE CONTROL 


| FATIGUE » METHOOS OF DETECTION AND ELIMINATION | ALCOHOLISM 


PSYCHIATRIC PROGRAM 


COOPERATES WITH LEGAL WW MEDICO-LEGAL CASES ; ASSISTS IN WRITING 
PATENTS WITH MEDICAL INTEREST, ETC 


SANITARY INSPECTIONS, 
| | PLANT SURVEYS DEVISE PROTECTIVE CLOTHING AND EQUIPMENT 


PHYSICAL FITNESS STUDIES FOR A PARTICULAR 108; ABILITY AGH DISABILITY Leave oF PENSIONS 
TO WORK; CHANGE IN JO8 ASSIGNMENT ; PENSION PLAN WAGE PLAN ABSENCE (ximos) 


Figure 2 


at least, to increase the scope, the work, and tions. More and more companies have em- 
the value of medical practice in industry. ployed full-time physicians on their staffs. 

From the beginning of industrial medi- The founding of the American Academy of 
cine in the du Pont Co. until now, additional Occupational Medicine, in 1946, was a real 
functions and responsibilities have been step forward, but the greatest asset in the 
added to the work of the industrial physi- struggle for recognition probably was the 
cian. Figure 2 depicts the scope of the work formation of the American Board of Occu- 
of the medical department in our company pational Medicine, in February, 1955. This 
at the present time and clearly indicates the ‘ 
diversity of it. I have chosen a few of the 
functions contained in Figure 2 for addi- 
tional later discussion to illustrate these in 
more detail. 

Since World War II our field has con- 
tinued to gain momentum. The vicissitudes 
of war always cause expansion in the fields 
of interest to industrial medicine. World _ table to capable young doctors looking for a 
War II and the Korean War were no excep- medical future. 
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latter accomplishment has firmly entrenched 
occupational medicine for the present and 
given to it the shot in the arm it needed to 
attract medical men of the highest caliber 
by making the organization, the scope, the 
material, the research, and, finally, the re- 
muneration sufficiently attractive and accep- 
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EXPANDING SCOPE OF OCCUPATIONAL MEDICINE 


CLINICAL INVESTIGATION 


HEALTH - OF A PLANT, AREAS, GROUPS, INDIVIDUALS. 
CONSISTENCY OF VARIOUS SIGNS, SYMPTOMS, COMPLAINTS, OR FINDINGS: 


1- INA GIVEN GROUP 
2-INA GIVEN BUILDING 


RELATIONSHIPS OF THESE COMPLAINTS TO: 


3 -INAGIVEN AREA 
4 - INA GIVEN SUPERVISION 


1- TIME OF THE DAY 
2-DAY OF THE WEEK 


3-SHIFT WORK 


WHAT ARE THE EFFECTS OF THE FOLLOWING: 


4- ENVIRONMENTAL FACTORS 
5 - OFF THE JOB HABITS, HOBBIES, 


EXPOSURES, OR FACTORS 


1- CHANGE IN SHIFT, JOB,OR AREA. 5 - DRUGS 


2- EXPOSURES, HEAT, VENTILATION 6 - PSYCHOTHERAPY 


3- FATIGUE 
4- PLACEBOS 


VALUE OF SIMPLE “TOOLS” AND CLINICAL OBSERVATIONS ON: 


7 - REST 


1- TEMPERATURE 
2-PULSE 
3-BLOOD PRESSURE 
4-RESPIRATIONS 


There are still those who have been mis- 
led into considering this specialty somewhat 
restricted, dull, and lacking of clinical ma- 
terial. We disagree with this group. Some 
of the most potent leads which we have had 
in our research on the toxicity of certain 
compounds have stemmed from the keen 
clinical observations plant physicians have 
been shrewd enough to make, record, inves- 
tigate, and follow. Figure 3 gives a break- 
down of some of the facets of clinical 
observations in industry. 

Health examinations are only as monot- 
onous or dynamic as the examiner chooses 
to make them. A poorly performed physical 
examination is worse than none at all, since 
false security may result. The fact remains 
that adequate health examinations and stud- 
ies are an integral part of the program of 
preventive medicine. As such, they should 
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Figure 3 


5 - SKIN COLOR 
6 - URINE 
7- BLOOD 


be performed with interest and care. Our 
health examinations are done on an annual 
basis. Some of the features of this pro- 
gram are found in Figure 4. 

Some of our physicians have had the 
foresight to visualize protective equipment 
to enhance the cause of preventive medicine. 
Thus, Dr. E. E. Evans, now the President 
of the American Academy of Occupational 
Medicine, of our Chambers Works hospital, 
working in conjunction with his industrial 
hygiene section, the Haskell Laboratory, and 
our engineering group, has perfected pro- 
tective clothing for those who use aniline 
derivatives and other potentially toxic ma- 
terials. Some salient factors of the so-called 
“Chem-Proof” Air Suit are found in Figure 

In 1942 an alcoholic program was begun, 
stemming from the success of the AA group. 
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HEALTH 


HEALTH EXAMINATION HEALTH EDUCATION 


| -HISTORY I~DURING PHYSICAL EXAMINATIONS 


2-PHYSICAL EXAMINATION 2-OURING TRIPS TO FIRST AID OR 
ILLNESS CHECK UPS. 
3-C.B.C. 


3-POSTERS 
4-URINALYSIS 
5-SEROLOGICAL TEST 4-HEALTH BULLETING 


(PRE-EMPLOYMENT; EACH 3 YRS. 5-SAFETY TALKS 


TO AGE 50; EACH 5 YRS. TO v 
AGE 65) 6-PLANT INSPECTIONS 


6-CHEST X-RAY 
(PRE-EMPLOYMENT & ANNUALLY 


UP TO AGE 50, THEN EACH 
6 MONTHS) 


7-E.K.6. (BASELINE AT AGE 40, 
SOONER IF INDICATED. ROUTINE FIRST AID 
AT LEAST EACH 3 YRS. AFTER 40.) 


8-AUDIOGRAM 
2-FOR EMERGENCY SITUATIONS-- THEN 
S-KEVETONE EVE TEST REFERRAL TO FAMILY DOCTOR, 
10-BLOOD CHEMISTRY AND HEMATOLOGICAL SPECIALIST, OR HOSPITAL AS 
TEST AS INDICATED. INDICATED. 


1I-PSYCHIATRIC EVALUATION AND STUDY 
AS INDICATED. 


12-PHOTOFLUOROSCOPIC GASTRIC STUDIES 
13-SIGMOIDOSCOPIC STUDIES 


1-FOR MINOR ILLNESSES OR INJURIES 


Figure 4 


Fig. 5—The Chem-Proof Suit in use. Suit is 
fabricated from Butyl Fairprene. Only inhalation 
grade air is to be used for ventilation. One-half 
inch copper or brass tubing lines terminate in ar 
air filter not more than twenty feet from the job 
site. These will deliver not less than 10 cu. ft. per 
minute per man, at less than 50% relative hu- 
midity. Air temperature should be adjusted to 
70-90 F. Regulation of the volume of air to the 
suit and the helmet is under the “safety man” 
helper’s control. At no time should a man remain 
in the suit for more than five minutes with the air 
supply shut off. 
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ALCOHOLISM 


THERE ARE OVER 4,500,000 PROBLEM DRINKERS IN THE U.S. 


ALCOHOLISM IS A DISEASE. AS SUCH, THE DEFINITION OF HYPERSENSITIVITY ALMOST FITS IT: 
THE UNTOWARD REACTION OF A GROUP OF SIGNS AND SYMPTOMS TO AN INGESTED OR ABSORBED SUBSTANCE 
WHICH, TO THE MAJORITY OF THE SAME SPECIES, IS INNOCUOUS (IN “MODERATE” AMOUNTS). 


IN ALCOHOLISM, THE CAUSE 1S KNOWN, AND THE CURE IS ALWAYS POSSIBLE WHEN THE “VICTIM” HAS 
DEFINITELY MADE UP HIS MIND THAT HE WANTS TO BE CURED. 


ALCOHOLISM IS COMPULSIVE AND PROGRESSIVE 


( }— WHEN CERTAIN INDIVIDUALS STOP “BRAGGING” ABOUT HOW 
MUCH THEY CAN ORINK AND BEGIN TO LIE ABOUT THE 
AMOUNT THEY ARE DRINKING. 

2- INCREASING ABSENTEEISM, ESP. ON MONDAY, HOLIDAYS, 


WARNING SIGNS AND PAY DAYS. 
oF 3- REPEATED ABSENCES OF ONE HOUR OR MORE FROM THE JOB. 
ALCONOLISM 4— ACCIDENT PRONENESS. 


5— PERSONALITY CHANGES. 
6— LOWERED EFFICIENCY. 
7— CARELESSNESS IN ORESS AND HABITS. 
§ — ALCOWOLIC PATTERNS, SIGNS, SYMPTOMS, AND COURSE. 


THE ALCOHOLIC IS SUBJECT TO THE SAME PSYCHIATRIC DISORDERS AS THE NON- ALCOHOLIC DRINKING 
LEADS TO A DECREASE IN THE APPRECIATION OF THESE PROBLEMS. 


IT MUST BE ADMITTED THAT “ALCOHOLICS ANONYMOUS “ARE MORE SUCCESSFUL IN SALVAGING THESE 
INDIVIDUALS THAN ARE THE PSYCHIATRISTS, AND THAT BOTH ARE MORE EFFECTIVE THAN EITHER ALONE. 


THE CONTROLLED ALCOHOLIC USUALLY IS A GOOD EMPLOYEE, AND HE IS GOOD FOR OTHER ALCOHOLICS. 
CONTINUED OBSERVATION AND FOLLOW-UP IS ESSENTIAL. 


THE ALCOHOLIC PROGRAM MUST BE DEFINITE, FIRM, AND CONCRETE -- NOT HAPHAZARD AND VARIED. 


Figure 6 


te _ OCCUPATIONAL PSYCHIATRY 


TO A GREATER EXTENT TO A LESSER EXTENT = 


I= DEALS MORE WITH WORKING POPUL ATION —=- LESS WITH INSTITUTIONAL POPULATION 


2- CONCERNED MAINLY WITH NEUROSES —m LESS WITH PSYCHOSES 
INTEREST (S CHIEFLY IN TRAINING — LESS INTEREST IN PSYCHOANALYSIS, OR 
PROPER OF EMPLOYEES, FREUOIAN PRINCIPLES. 


AND PREVENTIVE RESEARCH. 


4- CHIEF CONSIDERATION IS ON THE JOB LESS /NTEREST IN HOSPITALIZATION IN 
“HYPOSENSITIZATION” TO PROBLEMS THICK CARPETED INSTITUTIONS, WITH 
THE SEPARATION BY TIME, AND WITH THE 
SUBSEQUENT NECESSITY OF RETURNING 
TO JOB ANYWAY TO FACE THE IITIAL 
PROBLEM 


8- MAIN THERAPY IS FRONT LINE THERAPY -—-= LESS CONCERNED WITH THERAPY BY SEPARATION. 


6- CONCERNED CHIEFLY WITH PSYCHOTHERAPY LESSER WEED FOR CHEMOTHERAPY 
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FATIGUE 


PHYSICAL 


8. MEASUREMENT OF FATIGUE 


HEART RATE 


MENTAL 


NERVOUS 


5. OXYGEN 
CONSUMPTION 


6. CHEMICAL 
COMPOSITION 


OF BLOOD 


8. RATE OF 
SWEATING 


C. SOME MEANS OF REDUCING FATIGUE UNDER PHYSIOLOGICAL CONTROL 


L REDUCING THE 
WORK LOAD 


» 


2. REDUCING THE oy 
HEAT LOAD 


3. ORGANIZING 
ADEQUATE 
‘REST PERIODS 


4 ORGANIZING 
ADEQUATE TEAMS 
OF WORKERS 


5. INFLUENCE OF 


ADEQUATE WATER, 
SALT AND VITAMINS 


80 


6. SELECTION 
OF WORKERS 


Figure 8 


We now have two full-time members of 
Alcoholics Anonymous working under the 
direction of the Medical Department. Some 
facts on alcoholism are found in Figure 6. 

A full-time psychiatrist was added to our 
medical staff in 1943. There are now two 
full-time members of this team. At least 
three other manufacturing companies, name- 
ly, Eastman Kodak, General Electric, and 
American Cyanamid, employ a full-time psy- 
chiatrist on their medical staff, and the 
number of part-time psychiatrists in this 
specialty is continually increasing. This 
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field is now accepted as a component part 
of an occupational medical unit (Fig. 2). 

There are, to be sure, differences between 
psychiatry as it is practiced in (1) a men- 
tal institution, (2) an office of the private 
psychiatrist, and (3) in industry. Points 
2 and 3 should differ but little. The chief 
variances between (1), and (2), (3) as 
viewed by us are noted in Figure 7. The 
points of differentiation in the above are 
clear. 

The study and importance of fatigue in 
industry is intriguing. Dr. Lucian Brouha, 
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2 BLOOD 

3. CARDIAC 

3 OUTPUT 

4. PULMONARY 

VENTILATION 
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BIOSTATISTICS IN INDUSTRY 


EXPANDING SCOPE OF OCCUPATIONAL MEDICINE 


(PART 1) 


OCCURANCE OF 
various 


CERTAM 


our physiologist and a respected worker in 
this field, is making some noteworthy con- 
tributions and studies on this problem. 
Based on his work, a few brief facts per- 
taining to the problem of fatigue in industry 
are found in Figure 8. 

The entry of the biostatistician into occu- 
pational medicine is making a real impact 
on it. It is not only increasing the interest 
and the yield, but it is opening up new 
problems all of the time. Experts in this 
field are generally agreed that not only does 
industry reap rewards as far as the findings 
are concerned, but that in many fields in 
preventive medicine, particularly the study 
of chronic diseases, these studies may per- 
haps offer some insight into the cause, de- 
velopment, and prognosis of these diseases 
equally as well as investigations in the 
research laboratory. 

Figure 9 indicates briefly the uses to 
which we have put our biostatistician in the 
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Figure 9 


‘LLNESS AND EVALUATION 
OF CONTROL PROGRAMS 


@ STUDY OF PROLONGED 
WOMOCCUPATIONAL 
(LLNESS OR DISAB ITY 


one year which he has been with us and the 
projects we propose to explore in the near 
future. 

The next decade will see new functions 
assigned to the physician in industry. The 
preparation and background which he re- 
ceives will have to be improved and ex- 
panded accordingly. His medical training 
will need to be broad and sound and supple- 
mented by an interest and knowledge of 
healthy as well as sick people, of machines 
and material, of chemicals and gases, of 
pollution and sanitation, of clothing and 
fatigue, and of many related factors. To 
the physician who is thus trained and who 
has the drive, the enthusiasm, the person- 
ality, and the. creativeness, the field of occu- 
pational medicine will equal or exceed in 
interest and attractiveness any of the other 
accepted specialties in the field of medicine. 


E. I. du Pont de Nemours & Co. (Inc.). 
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Cadmium Poisoning 


Report of a Fatal Case, with Discussion of Pathology and Clinical Aspects 


FREDERIK C. CHRISTENSEN, M.D., and ERNEST C. OLSON, M.D., Racine, Wis. 


The purpose of this paper is to report a 
case of cadmium poisoning that terminated 
fatally and to discuss the pathology of cad- 
mium poisoning along. with its 
aspects. 


clinical 


Report of Case 


On March 17, 1956, a 55-year-old man was seen 
at his residence for the first time. It was stated 
that he was too weak to come to the office. 

The patient had had “flu” in France in 1918; he 
had not missed a day at work for the past 20 years. 

The patient gave the following history: On 
March 14, three days previously, he was doing spot 
welding on a new metal fixture, cadmium-coated, 
which produced a colored gas. He worked on it 
for five hours straight. He had previously welded 
smaller pieces of lighter metal, cadmium-coated. 
He developed considerable cough and felt ill and 
informed his foreman that he could not continue 
the work. He did no more spot welding on this 
metal that day. His cough continued, but he 
worked the next two days, even though he did 
not feel well. He complained that he had consider- 
able difficulty walking up a small hill on his way 
to and from work after being exposed to the cad- 
mium oxide fumes. He stated that he did not have 
a cold prior to his exposure to the irritant gas, but 
he developed a chill three days after the exposure. 

When we saw him the patient was in bed and 
was obviously ill. He had a temperature of 102 F, 
pulse rate of 108, and respiration rate of 24. There 
were moist rales throughout his chest, which were 
more pronounced in the left lung. His condition 
was diagnosed as bronchopneumonia secondary to 
am irritating gas. He was given penicillin and an 
expectorant cough remedy as well as a sulfonamide, 
and also morphine sulfate, 4 grain (15 mg.) and 
atropine sulfate, 1/150 grain (0.4 mg.). 

The patient was again seen on the morning and 
evening of March 18. He was given penicillin on 
both occasions. His condition was essentially un- 
changed. March 19, his condition appeared to be 
improved. His temperature was 99.6 F, and his 
color was still dusky red. Later on the same date, 
he was definitely worse. The temperature was 
higher, and his pulse remained rapid. Hospital 
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accommodations were not available, and he had to 
be treated at home. Penicillin was repeated as on 
each previous visit. 

It was evident that he was suffering with a more 
serious form of pneumonitis than commonly caused 
by bacterial or virus invasion. 

On March 20, the patient’s condition was defi- 
nitely worse. His color was bad—dusky red and 
cyanotic. The temperature was 101 F and pulse 
rate 112. A hospital bed was still not available. 
An electrocardiogram was taken; it showed a sinus 
tachycardia, rate 112. Penicillin was repeated, and 
morphine and atropine were given to control his 
cough. Later on this date a bed became available. 
The patient was moved by ambulance, with definite 
orders that he was not to exert himself at all; yet 
he walked to the ambulance. 

The patient was given oxygen and _ penicillin, 
also morphine and atropine for sedation and cough. 
Various laboratory tests and procedures were car- 
ried out, results of which were noncontributory. 
At 9:30 p.m. his condition was worse, although 
he stated that he felt somewhat easier after re- 
ceiving oxygen. He was instructed to remain in 
bed with oxygen. He was taking fluid well. His 
temperature was 103 F, his heart was rapid, and 
his color was definitely more cyanotic. 

On March 21, about 4 a.m., the attending physi- 
cian was notified by a hospital nurse that the pa- 
tient had died. He had gone to the toilet in his 
room without help. The nurse had visited him 20 
minutes earlier, given him the hypodermic injection 
of morphine sulfate and atropine which was due, 
and had checked to see that the oxygen was run- 
ning properly. When she returned 20 minutes later, 
he had died. 

Necropsy.—Gross Findings: The positive find- 
ings were as follows: 

Chest. The right pleural space was obliterated 
by old adhesions. There was about 100 cc. of 
straw-colored fluid in the left pleural space. 

Lungs. The lungs together weighed 2790 gm. 
They were voluminous and markedly edematous 
throughout all lobes, and the fluid was blood tinged 
(Fig. 1). There was some congestion in the de- 
pendent portions. Small firm nodules could be pal- 
pated throughout all lobes. The trachea and 
bronchi contained edema fluid. There were petechiae 
over the pleural surface. 
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Fig. 1.—Cross_ section 
of the lung showing pro- 
found diffuse edema. 
There interlobar 
adhesions which are. at- 
tributed to a_ previous 
pneumonitis. 


Fig. 2—Low power 
view showing many alve- 
olar spaces that contain 
edematous fluid. 


Fig. 3. — Photograph 
demonstrating the  ser- 
rated contour of the 
cuboidal cells that line the 
alveolar spaces. The wall 
is edematous and_thick- 
ened, with lymphocytes 
present. 


Christensen—Olson 


43-5) 
9 i 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Fig. 4. — Photograpl: 
showing the hyperchro- 
matic nuclei lining the 
alveolar spaces. The cu- 
boidal cells may present a 
serrated appearance. The 
alveolar wall is thickened 
as a result of edema and 
early fibrosis. 


Fig. 5.—The epithelial 
cells may form sheets as 
seen in the right lower 
quadrant. Such cells may 
occupy most of the al- 
veolar space. Fibrosis is 
present, with thickening 
of the septa. 


Fig. 6. — Microscopic 
section through a medium- 
sized bronchus showing 
edema fluid in the lumen. 
There is hyperplasia of 
the epithelial cells lining 
the bronchus. The peri- 
bronchial tissue shows fi- 
brosis. The surrounding 
septa are thickened, and 
there are cuboidal cells 
lining the alveolar spaces. 
There is edematous fluid 
within the alveolar spaces 
and also monocytes. 
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Heart. The heart weighed 440 gm. The right 
ventricle was hypertrophied and dilated. The wall 
averaged 7 mm. at its base. The left ventricle 
showed some hypertrophy. The coronary vessels 
and aorta were well preserved. 

Abdomen. There was no free fluid present. The 
abdominal organs were congested but otherwise not 
remarkable. The stomach was moderately dilated. 

Microscopic Findings: Lungs. Many of the al- 
veolar spaces contained pink granular material that 
represented precipitated plasma (Fig. 2). There 
were some red blood cells present and also large 
monocytes. There were cuboidal cells lining the 
septa; they frequently presented a serrated outline. 
In some areas they were present in masses and fre- 
quently occupied much of the alveolar spaces. The 
nuclei were often large and hyperchromatic (Figs. 
3, 4, and 5). Many of the septa were greatly thick- 
ened and edematous (Fig. 3). Occasionally pink 
hyalin-like material was present over the cuboidal 
cells. Bronchi were seen that were filled with 
edematous fluid. There was excessive fibrous tissue 
about some of the bronchi (Fig. 6). A culture 
taken at the time of the postmortem examination 
showed no growth. 

Kidneys. There was an occasional pigmented 
cast present in the tubules. There were no other 
significant findings. 

The heart, liver, spleen, stomach, and brain, pre- 
sented no unusual findings. 


Comment 

Cadmium resembles zine in its chemical 
reactions and is usually found with zinc 
ores. It is soluble in weak acids, a fact that 
is important and will be discussed later in 
this paper. Cadmium has probably more 
lethal potentialities than any of the other 
metals.! Cadmium poisoning in industry 
usually occurs from the accidental absorp- 
tion of fumes or dust by way of the respira- 
tory tract? Failure to appreciate the toxic 
properties of this metal has caused workers 
to be unwittingly exposed to its fumes and 
has furthermore allowed manufacturers to 
incorporate this metal in products without 
due warning of its presence.’ This was true 
in this case. Cadmium poisoning by way of 
the respiratory route produces few imme- 
diate symptoms. The fumes are not exceed- 
ingly irritating, and they do not have a 
pronounced odor. Because of this fact, the 
worker has no warning of danger and usu- 
ally will continue to work in the fumes for 
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several hours. Some reports make note of 
dense yellowish-brown fumes from the hot 
metal.” 

The patients exposed to cadmium oxide 
fumes usually complain of a dryness in the 
throat or a sensation similar to a sore throat. 
This is accompanied, or quickly followed, 
by cough and later by headache and dizzi- 
ness. The symptoms often resemble influ- 
enza. We believe many cases are diagnosed 
as influenza or viral pneumonia and the true 
etiology is not established even at necropsy. 
The cuboidal metaplasia may be considered 
to be secondary to an atypical pneumonia. 
In 12 to 36 hours, there is frequently a 
severe constricting pain in the chest with 
marked dyspnea. This is characteristic to 
this type of toxemia.? 

An oddity encountered at examination is 
that auscultation of the lungs in cadmium 
poisoning rarely reveals the degree of pa- 
thology indicated by the clinical picture, and, 
until the patient is near death, rales are 
conspicuously absent in some cases and 
breath sounds may not be exaggerated. The 
x-ray pictures will often show a surprising 
degree of widespread patchy infiltration 
throughout both lung fields that is out of 
proportion to what one can hear in the 
lungs.’ In these respects, the chest condi- 
tion resembles atypical pneumonia. 

The increased use of cadmium in industry 
has resulted largely from its applications 
in electroplating. There has been a parallel 
increase in cadmium poisoning. This has 
been due, not to the electroplating process, 
but to subsequent firing and welding of 
cadmium-plated material or to the overheat- 
ing and oxidation of the cadmium metal.? 

More than 5,000,000 pounds of cadmium 
is used in the United States each year. 
Cadmium is but little used as a metal di- 
rectly, achieving its greatest importance as 
a constituent of alloys and in the form of 
its compounds. It is used in bearings, elec- 
trical conductors, pigments, ceramics and 
process engravings, in cadmium vapor 
lamps, and for rust-proofing tools, wires, 
and other iron and steel articles, particu- 
larly marine hardware and other fittings 
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which were formerly zinc-coated.* It is also 
used in storage batteries. 

In view of the extent and severity of 
cadmium poisoning in industry, a concerted 
educational effort has been proposed to 
appraise both manufacturers and users of 
the hazards involved in the use of cadmium- 
coated products, and safety regulations have 
been proposed to find the degree of maxi- 
mum permissible exposures in industrial 
workers. 

In the literature up to 1945, there were 
only 64 reported cases of cadmium poison- 
ing by inhalation. The first cases were re- 
ported in 1858. There were 10 deaths in 
the 64 cases, or a mortality rate of 15% to 
16%. Generally, the deaths occurred about 
the seventh day after exposure. This was 
true in our case. 

Fourteen cases with two deaths have been 
reported; in these the exposure was due to 
annealing cadmium-plated rivets in a large 
room.® In five cases with one death expo- 
sure was due to heating of cadmium-plated 
pipe in an open shop.* In 23 cases the fumes 
were due to the ignition of cadmium dust. 
There were no deaths.® 

Food poisoning due to cadmium is unrec- 

ognized in many instances. The poisoning 
causes a violent acute gastritis which occurs 
almost immediately after ingestion of a 
liquid containing a soluble cadmium com- 
pound, 
' Everyone ingesting the food is usually 
affected in cadmium food poisoning. In 
bacterial food poisoning due to Salmonella 
or toxic filtrates formed by organisms such 
as staphylococci, some persons are affected 
at varying intervals of time, while others 
may escape the illness completely. Acute 
poisoning with cadmium is similar to acute 
poisoning with soluble compounds of. zinc. 
No fatalities are reported due to the inges- 
tion of cadmium compounds. 

Five outbreaks involving 50 persons have 
been reported by one author.” In the first 
instance the outbreak was due to home-made 
“lemonade” that contained tartaric acid. The 
mixture was cooled in cadmium-plated ice- 
cube trays. The second outbreak occurred 
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30 minutes after the drinking of home-made 
punch. The refrigerator had leaked sulfur 
dioxide. The resultant sulfuric acid dis- 
solved the cadmium, which contaminated the 
ice cubes used in cooling the home-made 
punch. 

The third outbreak followed the eating of 
a dessert that consisted of a raspberry gel- 
atin mixture that contained citric acid and 
tartaric acid. The acid reacted with the 
cadmium-plated freezing tray. The fourth 
outbreak followed drinking iced tea which 
was placed in a cadmium-plated pitcher 
while hot. The tea contained the juice of 
three lemons. The fifth outbreak followed 
the preparation of popsicles in cadmium- 
plated molds; the popsicle mixture contained 
fruit acids, 

A similar outbreak of food poisoning oc- 
curred in Los Angeles after fruit juice was 
prepared in cadmium-plated containers.® 

Other epidemics have been reported after 
eating a gelatin mixture,® and also after 
ingestion of coffee which was prepared in a 
kettle which was treated with HCl contain- 
ing a cadmium salt.? 

Men in the armed forces in the Second 
World War suffered from violent gastro- 
intestinal symptoms when weakly acid fruit 
juices were drunk from cadmium-lined 
containers.!° 

Experimental work on dogs indicates that 
inhaled cadmium dust is stored in the lungs, 
liver, and kidneys. Smaller amounts are 
stored in the bones and teeth. 

The pathological findings in experimental 
animals that have been exposed to inhalation 
of cadmium oxide are confined to the lungs. 
They vary with the period of survival. 
Three clearly demarcated stages are ob- 
served. In the first stage there is acute pul- 
monary edema developing within 24 hours of 
exposure and reaching its peak within 3 
days. Death from anoxia may occur in this 
period. If this stage is survived, the lungs 
do not revert to their normal state, as they 
do after uncomplicated phosgene poisoning, 
but pass into a second stage, of cellular pro- 
liferation into the alveolar spaces from the 
septa and by an epithelial hyperplasia of 
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the cells lining the alveoli. There may be 
intra-alveolar hemorrhage. Death from 
anoxia may result from carnification. In the 
third stage there is permanent lung damage 
in the form of perivascular and peribron- 
chial fibrosis. Humans who have died at 
various periods after exposure have shown 
similar findings.” 

Other experimental work reports rapidly 
developing edema of the lungs in high cad- 
mium oxide concentrations. Smaller amounts 
cause generalized pneumonia with emphy- 
sema and atelectasis." 

Proteinuria, anosmia, and emphysema 
were common in men that were exposed to 
cadmium and nickel dust for more than eight 
years.'* However, these systemic symptoms 
of cadmium intoxication could not be found 
in a second group of cases. A yellow ring 
on the teeth was seen with long exposure to 
cadmium. This was considered the earliest 
sign of cadmium absorption.’® 

It has been estimated that 2500 minute- 
milligrams per cubic meter is a lethal dose 
of cadmium oxide for man. A figure ap- 
proximating this has been cited by others.® 


Summary 


A case of cadmium poisoning that termi- 
nated fatally is presented. The patient did 
not know that he was exposed to cadmium 
oxide fumes, and the seriousness of such 
exposure was not known by his foreman or 
apparently by the concern he worked for. 
The patients who die are usually unwitting- 
ly exposed to cadmium oxide fumes. Cad- 
mium by inhalation is very toxic and carries 
a mortality of 15% to 16%. The mortality 
is 100% if the exposure is concentrated or 
prolonged. 

The symptoms, physical findings, and 
x-ray findings, are discussed, along with a 
discussion of the pathological findings. The 
most pronounced symptoms of cadmium 
oxide poisoning are cough, severe constrict- 
ing pain in the chest, and dyspnea. Physical 
examination may or may not reveal rales in 
the chest. The x-ray of the chest shows 
findings that suggest bronchopneumonia that 
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is usually out of proportion to the physical 
findings. The pathological findings include 
great edema of the lungs, with marked 
cuboidal metaplasia of the alveolar spaces, 
with thickening and edema of the septa. 
There is fibrosis of the walls, of the septa, 
and of bronchi. 

Food poisoning epidemics from ingestion 
of cadmium are reviewed; these are differ- 
ent from other food poisoning epidemics. 

Cadmium probably has the most lethal 
potentialities of any of the metals. 
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Indirect Effects of Psychogenic Factors on the 


Elimination of Radon in the Breath 


E. J. MARTIN, M.D., and G. J. KOVAR, Toronto, Canada 


Previous studies on the elimination of 
radon from subjects with radium poisoning 
have shown that respiratory variability is 
one cause of variability of breath radon.’ 
Respiratory variability differs from person 
to person among subjects at rest, supine, 
and awake. When it occurs in a high degree 
without metabolic need, it is assumed to be 
caused by emotional stimuli.’ 

The present study was undertaken to 
learn how psychogenic instability of physio- 
logic mechanisms may affect reproducibility 
of radon values among breath samples. 
Radon values in samples taken from a sub- 
ject during hypnotic relaxation and “sleep” 
were compared with those taken during 
unchecked emotional activity while the sub- 
ject was awake. 


Methods 


A single subject, Subject A of our previous 
publications, was studied. He was a 47-year-old 
tradesman who had been employed in ‘the radium 
industry, from which he had been retired for more 
than a year. He was the symptom-free carrier of 
an abnormally high radium burden. Otherwise he 
was in good physical health. He displayed an 
excessive responsiveness to emotional stress. Re- 
cently he had suffered a series of domestic and 
financial upsets. They had caused him anxiety 
about other possibly threatening situations. He 
was familiar with the routine of respiratory ex- 
periments and had always been able to “relax” 
during the sampling procedures. He was not in- 
convenienced by the apparatus, except that he 
found the nose clamp uncomfortable when it was 
kept in place from 60 to 100 minutes. 


Received for publication Jan. 21, 1957. 
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A previous paper has referred to the apparatus 
and general techniques and described the procedure 
of breath sampling with the subject awake and 
supine? For sampling during hypnotic “sleep” 
this procedure was modified in the following ways. 
After the subject was made comfortable in a bed, 
lights and noises were reduced to a minimum. 
The basal metabolism mouthpiece and the nose 
clamp were adjusted after he had been lying 
down for 30 minutes. The subject closed his eyes, 
which were then covered. As soon as he had 
adapted to the apparatus, suggestions of relaxation 
and sleep were started. The suggestion emphasized 
security and well-being.‘ In addition, monotonous 
sounds were transmitted from a continuous tape 
through a small speaker placed under the subject’s 
pillow. After 5 to 10 minutes, the subject appeared 
deeply relaxed and asleep. Tightening devices 
then had to be readjusted because relaxation of 
his facial muscles produced leaks around the mouth- 
piece and through the clamped nostrils. A single 
startling noise was produced to estimate the depth 
of the hypnotic trance. It caused no obvious reac- 
tion, and the subject did not recall it when he 
awoke at the end of the experiment. Breath 
sampling was commenced some 30 minutes after 
the onset of sleep and was repeated at 10-minute 
intervals. 

Samples with the subject awake were taken 
singly or in series of two to six on separate days 
over a seven-month period. During this seven- 
month period, two experiments were performed 
with the subject in hypnotic sleep; in each ex- 
periment six or seven samples were taken at each 
10-minute intervals as described. 

The samples taken with the subject awake be- 
longed to either unsteady or steady states. All 
samples taken with the subject in hypnotic “sleep” 
belonged to the “steady state” by definition.* 


Results 


Presumably induction of relaxation and 
hypnotic sleep by suggestion inhibited emo- 
tional response. While the subject was 
awake, such emotional responses were not 
inhibited. _Therefore, the samples taken 
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PSYCHOGENIC ELIMINATION OF BREATH RADON 


Comparison of Breath Samples Taken from a Subject During Relaxation in 
Hypnotic “Sleep” with Those Taken While He Was Awake 


V,* L., BTPS 


CL,* 10-'* Curies 


CM,* 10-** Curies 


Av. Coefficient of AV. 
Variation 


Subject relaxed in hypnotic “‘sleep"’ 


(13 samples) 6.73 
Subject awake and emotionally alert 
(19 samples) 7.90 


0.074 
0.16 


Coefficient of AY. Coefficient of 
Variation Variation 


5.75 0.060 


0.15 


38.7 
39.7 


0.048 


5.10 0.15 


while the subject was relaxed in hypnotic 
sleep (hypnotic series) represent the control 
series. The series taken while he was awake 
(waking series) contain the variable of 
emotion (Table). 

In the Table the differences in averages 
of V (respiratory minute volume) between 
waking and hypnotic series are significant, 
with P<0.01, and show that relaxation in 
hypnotic trance causes depression of V in 
this subject. The corresponding differences 
in the averages of CL are caused by the 
interrelation CL’/CL,=V./V’, discussed in 
previous work.’ (CL is curies of radon per 
liter of expired air.) Differences in the 
averages of CM (curies of radon exhaled 
per minute of breathing) are not signifi- 
cant. 

The variability of the three variables V, 
CL, and CM is higher in the waking series 
than in the hypnotic series. The variability 
of CM shows the largest relative increase. 
Between the two series the difference in 
variability of CM is significant at the 2% 
level of F. 


Comment 

Respiratory variability of psychogenic 
origin is commonly observed in normal per- 
sons who are awake. The degree of this 
variability in any one subject depends on 
his respiratory responsiveness to stresses of 
the sampling conditions, to stimuli of emo- 
tional changes,* to alternating pleasant 
and unpleasant thoughts, and to central 
responsiveness to changes in arterial pCOs." 

These considerations suggest a possible 
interpretation of our subject’s respiratory 
behavior. The amplitudes and frequency 
of respiratory changes which prevailed 
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* V, respiratory minute volume; CL, curies of radon per liter of expired air; CM, curies of —_ exhaled per minute of breathing 
Instrumental analytical error, coefficient of variation = 0.05; spirometer reading error = 2% (0. 


when the subject was awake and emotionally 
alert were reduced by the effects of hypnotic 
relaxation. The ratio of integrated steady 
states of CM to integrated unsteady states 
increased. Also the chances increased that 
the taking of any one breath sample would 
coincide with a steady state.* 

The extent to which emotional instability 
interferes with the reproducibility of breath 
radon values is of practical interest when 
the radon determination in a single breath 
sample is used to estimate body radium. 
Information on the possible magnitude of 
the effects of this interference was obtained 
from repeated breath samples 
taken from each of six subjects whose very 
unstable respiratory patterns were presum- 
ably caused by emotional instability. In 
each subject the ratios of both the smallest 
and the largest values of CM to the average 
of CM were determined. The lowest value 
for the ratios found in the whole series of 
six subjects was then compared with the 
highest value. The two values differed from 
each other by a factor of 1.75. This factor 
can be viewed as the range of confidence 
for reproducibility of CM between single 
breath samples under the above-described 
sampling conditions with the subject supine, 
at rest, and awake. 

In industrial health surveys which use 
the above-described sampling techniques, 
this factor expresses the range of possible 
inaccuracy of a single estimation of. body 
radium. 


series of 


Respiration is not the only function to 
affect breath radon. Blood flow plays an 
important role in clearing radon from tis- 
sues.* Circulatory changes in the bones— 
where the radon is generated from fixed 
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radium—must affect the elimination of 
radon in expired air.* Circulatory function 
responds to emotional stimuli. One can 
justifiably speculate, therefore, that psycho- 
genic influences on the blood circulation 
which may occur independently of respira- 
tory changes"! may affect the breath 
radon in certain subjects. We have detected 
no such effects in our subject. If they had 
been present, they would have been veiled 
by the effects of respiratory changes, but 
responsiveness of the circulatory function 
to emotions varies among subjects.* Experi- 


ments with other subjects are required to 
elucidate this point. 


Summary 


Two series of breath samples were taken 
from a resting, supine carrier of abnormally 
high, stabilized radium burden. 

In one series, where the subject was re- 
laxed in hypnotic “sleep,” no major psycho- 
genic disturbances of respiratory levels 
occurred. The variability of radon exhaled 
per minute of breathing (CM) was within 
the limits of errors of measurement. Re- 
producibility of CM among repeated sam- 
ples was good. In the other series, which 
was taken while the subject was awake and 
emotionally alert, major respiratory fluctu- 
ations occurred, accompanied by frequent 
periods of unsteadiness of breath radon. 


Division of Industrial Hygiene, 360 Christie St. 
(4) (Mr. Kovar). 
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‘Characteristics and Distributions of Organic 
Substances in the Air of Some American Cities 


LESLIE A. CHAMBERS, Ph.D.; ELBERT C. TABOR, M.S., and MILTON J. FOTER, Ph.D., Cincinnati 


In a paper presented before the Third 
National Air Pollution Symposium! some 
preliminary analyses obtained through 18 
months of operation of a nation-wide air 
sampling program were reported. At that 
time, attention was given primarily to the 
frequency distributions of suspended par- 
ticulate loading classes and to the seasonal 
patterns of air loadings in representative 
groups of cities. A broad trend toward 
correlation between the average concentra- 
tion of particulates and the size of popula- 
tion was pointed out. 

In addition, seasonal loading distributions 
were presented indicating that relatively 
high concentrations of particulates occur 
predominantly in the fall and winter seasons 
in cities throughout the nation, in spite of 
wide differences in household fuel use and 
winter heating requirements. 

Certain smaller cities, dominated by a 
single type of productive activity or strong- 
ly influenced by natural factors, were found 
to be “atypical” of their respective popula- 
tion classes in magnitude of average loading 
and in seasonal distribution of high concen- 
trations. 

Average particulate loadings obtained 
from rural sites not affected directly by 
urban activities were shown to be approxi- 
mately the same (about 65;/m*.) through- 
out the country. The seasonal distribution 
of loading in these “background” areas 
showed no evidence of a cycle, thus indicat- 
ing that the causes of the autumnal-winter 
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rise in frequency of high values in urban 
areas must be sought within the cities and 
not in regional meteorological patterns. 

Fractional analyses of the particulates 
with respect to certain anions and metallic 
cations demonstrated qualitative differences 
between cities, at least some of which sug- 
gest dominant types of sources contributing 
to the pollution aggregate. The composition 
of particulates from rural air appears to 
be related to the chemistry of surface soil 
in the region. 

It will be the plan of this paper to ex- 
amine the variations encountered with re- 
spect to the acetone-soluble fraction and to 
outline some preliminary efforts at analysis 
of these organic substances. 

The sampling program at present includes 
more than 30 metropolitan complexes in 
the United States and Alaska and 1 in 
England. Areas involved are the following: 


Anchorage, Alaska Los Angeles 
Atlanta Louisville 
Boston Minneapolis 


Charleston, W. Va. 
Chattanooga, Tenn. 


New Jersey 
(11 towns and cities) 


Chicago New Orleans 
Cincinnati New York 
Denver Philadelphia 
Detroit Portland, Ore. 


East Chicago, Ind. 
Fort Worth, Texas 
Frederick, Md. 
Houston, Texas 
Kansas City, Kan. 
Kansas City, Mo. 
London, England 


Providence, R. I. 
Salt Lake City 
San Francisco 
Tampa, Fla. 
Washington, D. C. 
Waterbury, Conn. 
Windsor, Ontario 

In most metropolitan areas sarmplers have 
been located in central city points chosen 
to avoid the direct influence of identifiable 
single sources of pollution, and others have 
been placed in residential, suburban, or 
rural areas in the vicinity. So far as prac- 
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GEOGRAPHICAL DISTRIBUTION OF SAMPLING SITES 


SCALE 


190 200 300 409 


Figure 1 


ticable, each site is sampled at least once a 
week, while many of the schedules have 
involved more frequent collection. At pres- 
ent, about 90 high-volume samplers are 
being operated voluntarily by personnel of 
local and state agencies concerned with air 
pollution control (Fig. 1). 

This collaboration in sampling is a major 
factor in the success of the program. Local 
exigencies naturally have resulted in varia- 
tions from one area to another in the extent 
of coverage and frequency of sampling. 
This may prove troublesome in attempted 
correlations with detailed meteorological 
factors, but the resultant randomness of 
sampling is in some ways desirable for 
estimations of mean loadings and broad 
seasonal trends. More than half the areas 
involved have thus far produced data with 
sufficient frequency over a reasonable period 
of time to justify comparative treatment. 

Each sample consists of the suspended particulate 
matter removed from approximately 2000 m*. of 
air during a 24-hour period by a_ high-volume 
sampler adapted to the use of 8X10 in. flat sheets 
of a flash-fired fiber glass filter medium. Use of 
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the fired filters has made possible estimation of 
soluble organic substances and proteins as well as 
radioactivity and a variety of inorganic cations 
and anions. 

The organic substances have been routinely ex- 
tracted with acetone and evaporated to constant 
weight. For special analyses, e. g., polycyclic 
hydrocarbons, and for infrared spectrography 
parallel or sequential extractions with ether, ben- 
zene, cyclohexane, and other organic solvents have 
been performed. Routine use of acetone was 
adopted because it was found that this solvent had 
less effect than the others on subsequent estimation 
of proteins in the extracted residues. Actually, the 
weight differences between extractives removed by 
the several solvents (other than ethanol) have not 
been large. 

Estimations of polycyclic hydrocarbons have been 
made for a limited number of the samples by 
Cholak, in the Kettering Laboratories at the Uni- 
versity of Cincinnati. Cholak’s methods have been 
described elsewhere. 


From the accumulated weight data it is 
evident that the organic fraction of the par- 
ticulates tends to maintain a very roughly 
constant relationship to the particulate 


loading. However, the average percentage 
of organics varies considerably from one 
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TABLE 1.—Relationship Between Averages of 
Particulates and Organic Fraction 


ORGANIC SUBSTANCES IN AIR OF CITIES 


Av. v 
Particulate Aceto % 
Load, lubles Acetone- 
Solubles 
Large cities 
Los Angeles 265 57.3 21.6 
Detroit 344 50.9 14.8 
Philadelphia 188 30.0 15.9 
Chicago 280 45.8 16.4 
New York 244 37.7 15.5 
Intermediate cities 
Cincinnati 176 31.4 178 
Kansas City 146 18.4 12.6 
Portland 143 32.1 22.4 
Atlanta 137 24.2 176 
Houston 129 18.5 14.3 
San Francisco 104 19.4 18.6 
Minneapolis 120 158 13.2 
Washington 130 27.3 21.0 
“Atypical” cities 
Anchorage 308 21.4 6.9 
Charleston 288 25.4 88 
Forth Worth 110 14,1 128 
Nonurban areas 
Boonsboro, Md. 68 8.7 12.8 
Salt Lake City D 55 4.2 113 
Atlanta B 71 9.3 13.1 
Cincinnati F 45 9.0 20.0 
Portland D 86 12.6 14.7 


area to another, and in some of the surveyed 
cities there is no evidence of a correlation 
between the two. Support for these remarks 
will be developed as we proceed to sum- 
marize the loading frequencies and their 
seasonal distributions. 

The highest particulate loading encoun- 
tered for any single day anywhere in the 
group of cities was 3112y. Contrasted 
with this, the highest organic loading was 
234y per cubic meter. These two values 
were not obtained from the same sample. 
Table 1 summarizes the average total par- 
ticulates in contrast with the average of 
acetone-solubles over a period of about a 
year, in cities of various population classes 
and in rural areas. It will be seen that the 
amount of acetone-soluble material, on the 
average, varies between 7% and 22% within 
the group of urban areas. These values can 
be interpreted in terms of annual dosages 


TABLE 2.—Frequencies of Acetone-Soluble Particulate Loadings in Cities over 
2,000,000 Population 


administered to residents of the local areas 
during 12 months and presumably will be 
of value in attempts at epidemiological 
correlations. 

From two points of view it is desirable 
to know the frequency of occurrence of 
abnormally high loadings of organic mate- 
rials. Table 2 shows the percentage of 
days during a year on which organic load- 
ings of the indicated size classes have been 
encountered in five major cities, i. e., those 
which have populations in excess of 2,000,- 
000 within the standard census area. The 
similar frequency distribution table with 
regard to particulates showed that these 
communities fell into a recognizable group 
pattern. The same sort of grouping is rec- 
ognizable in Table 2, although Philadelphia, 
the smallest of the class, shows a loading 
distribution substantially to the left of that 
for the other four. Occurrences of loadings 
over 100y per cubic meter are of particular 
interest. Such occurrences are infrequent 
in any of the cities but appear most often 
in those substantially dependent on automo- 
tive transportation. 

The frequency distribution of organic 
loadings in some representative cities of 
intermediate size (500,000 to 2,000,000) is 
shown in Table 3. In comparison with the 
frequency distribution for the larger cities, 
this Table shows a substantial shift toward 
lower values, the great majority of daily 
loadings in all cases falling between 10y 
and 30y per cubic meter. Furthermore, the 
distribution of abnormally high values is 
irregular and the occurrences are infrequent 
in each case. This pattern is essentially sim- 
ilar to that encountered for cities of the 


7/M*.* 


10-14 15-19 


troit 
Philadelphia os 2 12 21 
Chicago on 6 3 9 
New York 3 Q 


Los Angeles nee 
Detroi 


20-29 


30-39 60-79 80-99 Over 100 


25 13 19 12 16 
24 10 28 17 14 4 3 
36 11 6 7 3 om 1 
29 23 10 6 es 3 10 
42 12 12 12 9 3 ea 


encountered. 


Chambers et al. 


* The figures in the columns are the percentages of days in a year on which organic loadings of the indicated size classes have been 
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TaBLe 3.—Frequencies of Acetone-Soluble Particulate Loadings in Cities of 
Intermediate Size 


Cincinnati 
Kansas City 
Portland 
Atlanta 
Houston 

San Francisco 
Minneapolis 
Washington 


aBoBaaice 


* See footnote to Table 2. 


same population group with respect to total 
particulates. 

Three exceptional frequency distribution 
patterns were encountered in analyses of 
data respecting particulates. Anchorage, 
Alaska; Charleston, W. Va., and Fort 
Worth, Texas did not seem to fall into the 
groupings characteristic of their population 
class. By contrast, Table 4 shows that the 
frequency of occurrence of acetone-soluble 
loadings in these three cities is not remark- 
ably different from that of the intermediate 
cities shown in the previous Table. The 
bimodal distribution of dust-loading ob- 
served in Anchorage and Charleston does 
not appear with respect to the acetone- 
solubles. Furthermore, the extremely high 
but infrequent dust-loadings encountered in 
Fort Worth were not paralleled by high 
organic loadings. 

Five areas representing essentially rural 
conditions in as many different geographical 
areas of the United States are included in 
the frequency distribution shown in Table 5. 
In these cases the great majority of daily 
loadings are less than 15y per cubic meter, 
while in only one instance have the values 
surpassed 30y. None of these sampling 
sites is believed to have been strongly af- 
fected by urban contributions. It appears 


that the general average of about 5y to 15y 
is a reasonably constant background value 
for the air supply over most of the United 
States. 

Since the particulate loadings showed 
a predominant pattern of seasonal distri- 
bution which indicated an expectation of 
abnormally high values in the autumn- 
winter months, it has been of interest to 
examine the data with respect to the organic 
fraction from this point of view. The fol- 
lowing series of Figures, in which the daily 
recorded values are charted by month and 
day, indicate the relative frequencies with 
which high and low values can be antici- 
pated as a seasonal function. 

Figure 2 includes the measurements thus 
far completed for the five large cities in 
the survey. The patterns are roughly iden- 
tical with those encountered with respect to 
particulate loads. It will be noted that 
there is a trend in each case toward greater 
frequency of high values in the fall and 
winter months, even though high loadings 
are encountered throughout the year in De- 
troit, Chicago, and Los Angeles. The line 
drawn at the level of 30y per cubic meter 
represents the approximate maximal level 
for nonurban areas. 


TABLE 4.—Frequencies of Acetone-Soluble Loadings in Cities Showing Atypical 
Seasonal Distribution of Particulates 
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20-29 


30-39 40-49 50-59 60-79 80-99 Over 100 


* See footnote to Table 2. 
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ORGANIC SUBSTANCES IN AIR OF CITIES 
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Figure 3 shows comparable organic load- 
ing distributions by season for the group 
of cities of intermediate size. It will be 
recalled that a sort of “concave” distribution 
was encountered in these cities with respect 
to particulates. The same trend is exhib- 
ited in the seasonal distribution of organics, 
although there are wide differences in 
the degree to which it appears from city 
to city. Interestingly, it is less pronounced 
in the area presumably having the greatest 
winter heating requirement, namely, Minne- 
apolis. 

Figure 4 shows that the seasonal distribu- 
tion of organic loadings in the rural areas 
shows no marked seasonal trends, but is 
reasonably constant at a very low level. This 
parallels exactly the pattern encountered 
with respect to particulate loadings and 
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CITIES OVER TWO MILLION 
Figure 2 


demonstrates that the causes for the concave 
distribution in urban areas are local rather 
than regional. 

Whereas the three so-called “atypical” 
cities with respect to particulates did 
not exhibit the autumnal-winter distribution 
characteristic of other municipalities, in the 
case of the organic fraction Figure 5 shows 
that there is a concave distribution. In the 
case of Anchorage, Alaska, the small arrows 
indicate the approximate points at which the 
snow cover disappeared in the spring and 
reappeared in the fall. The low organic 
values during the period from April 15 to 
Oct. 12 are in marked contrast to the ex- 
tremely high particulate loadings found dur- 
ing this same period. This demonstrates 
clearly that there is no necessary relationship 
between particulate loading and concentra- 
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tion of acetone-soluble substances, even 
though, as a general rule, such a relation- 
ship does appear to exist. 

The case of Charleston is interesting in 
that the nonseasonal occurrence of episodes 
of high particulate loading are not reflected 
in the distribution of organic loadings. The 
infrequent, but sporadic, high values en- 
countered in Fort Worth do not appear 
with respect to acetone-solubles. This is 
a finding which could have been anticipated, 
since the high dust loadings have always 
been associated with obvious windstorms 
over West Texas. 

The interest in organic material in the 
atmosphere has been increasing markedly in 
the past few years, especially in association 
with concern over the increase in incidence 
of lung cancer. There are indications in 
the literature that lung cancer is more 
frequent among urban than among rural resi- 
dents. Furthermore, it is known that a con- 
siderable number of carcinogens are of the 
polycyclic hydrocarbon type and are likely 
to occur in products of incomplete combus- 


ATYPICAL PATTERNS OF TOTAL PARTICULATES LOADING 
Figure 5 


TABLE 5.—Frequencies of Acetone-Soluble Particulate Loadings in Nonurban Areas 
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tion. The appearance of benzpyrenes in the 
atmospheres of a number of localities has 
been recorded. For this reason, it is desir- 
able to have as complete an understanding 
as possible of the qualitative nature of the 
organic substances, especially those asso- 
ciated with particulate matter. 

A limited number of infrared absorption 
spectrograms have been prepared from the 
soluble organics of each city in the network. 
While these have been instructive from an 
analytical standpoint, providing certain 
guidelines along which to proceed with the 
group separations and specific identifica- 
tions, they have proved far too complex 
to be definitive in themselves. It appears, 
however, that the qualitative nature of the 
organics is sufficiently different in most of 
the cities to provide spectrograms which are 
somewhat like fingerprints. 
ences in infrared 


Major differ- 


absorption are not 


infrequent and appear to be reasonably 
characteristic of a particular area. Probably 
these differences reflect differences in in- 
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Atlanta B 4 54 28 ll 
Cincinnati F 29 19 7 
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* See footnote to Table 2. 
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dustrial activity, waste incineration prac- 
tices, or products of other human efforts. 

Figure 6 shows four spectrograms 
representing four widely separated cities 
and illustrates the kinds of variations that 
have been encountered. It is of particular 
interest to note that the spectrogram made 
from the organics of New Orleans air 
pollutants shows all of the identifying 
absorption characteristics of caffeine. This 
substance has been recovered from coffee- 
roasting effluents in relatively high concen- 
tration, and the central city area of New 
Orleans is frequently aromatic from this 
source. Careful study of the infrared finger- 
prints will be required to determine how 
useful they will be in the spotting of par- 
ticular sources of air pollution. 

Some progress has been made by Rosen 
and Taylor at the Sanitary Engineering 
Center toward development of a system 
for group separation of the air-borne or- 
ganics. From a large composite sample 
from Cincinnati, they have recovered a 
large percentage of neuteal organic sub- 
stances (54.4%) and of water-solubles 
(21%) and 1% to 2.5% each of organic 
acids, bases, aldehydes, and phenols. The 
very large neutral group was further frac- 
tionated to yield 37.8% aliphatics, 25.2% 
aromatics, 5.1% resins, and 26.5% oxy 
compounds. These latter separations were 
made by chromatographic methods, and 
confirmation of the presence of appropriate 
groupings was done both by specific chem- 
ical methods and by ultraviolet and infrared 
spectrography. None of the results obtained 
thus far has been definitive, either with re- 
spect to specific compounds or with respect 
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TABLE 6.—Polycyclic Hydrocarbons in Particulate Air Pollutants * 


to development of a reasonably systematic 
analytical procedure of general applicability. 
The results are presented to indicate the 
staggering complexity of the problem facing 
the organic analyst who undertakes to deter- 
mine even the group composition of this 
fraction of atmospheric contents, 

On the other hand, analyses for ‘some 
specific substances can be carried out with 
reasonable assurance. Cholak, of the Ket- 
tering Laboratory, has provided data on 
polycyclic hydrocarbons found in a number 
of individual samples from various cities. 
Polycyclics include most of the known 
organic carcinogens, although not all are car- 
cinogenic. Table 6 shows the values ob- 
tained by Cholak. These are individual 
analyses and in no sense represent the con- 
tinued level of dosage to be anticipated in 
the respective areas. 

In a few instances the organic fraction of 
the total particulate matter in the atmosphere 
has been larger than 50%. As indicated 
above, the average for the various cities 
ranges between 6% and 22%. This is so 
large a proportion of the atmospheric pol- 
lution that it may not be ignored, especially 
in view of the known’ capability of some 
substances included in the general classifi- 
cation to induce pathology in animals and 
man through prolonged contact. Probably 
the relative sparsity of information concern- 
ing the organic composition of air pollutants 
results from the extraordinary difficulty of 
analysis. Nevertheless, the probability that 
some component of the organic fraction will 
be culpable, should health effects be finally 
pinned to air pollution, makes it imperative 
that systematic analysis be explored. 


Atlanta 4.2 Louisville 5.7 

Boston 5.9 Minneapolis 2.1 

Charleston, W. Va. 8.1, 6.5 New Orleans 1.23 

Chattanooga 4.7, 1.2 New York 2.7, 2.66, 1.92, 1.28 
Chicago 29.6, 14.0, 11.4 Philadelphia 4.04, 2.46, 1.73, 1.54, 1.21 
Cincinnati 10.1, 2.0 Portland 0.59 

Fort Worth 19 Providence 14 

Houston 1.43, 08 Salt Lake City 3.0 

Los Angeles 4.95, 4.0, 2.96, 2.55 San Francisco 5.25, 2.4, 0.64, 0.53, 0.29 


* Data supplied by Jacob Cholak, Kettering Laboratory, Department of Preventive Medicine, University of Cincinnati College 
of Medicine. 
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All of the conclusions included in this 
report must be regarded as preliminary, and 
the absolute figures should be looked at for 
their comparative value only. Somewhat 
fewer than 2000 samples have been included 
in the development of the data, and the 
number of samples from certain of the cities 
has been less than 50. Nevertheless, it is 
felt that the broad trends indicated will not 
be substantially altered by the inclusion of 
more data or by more detailed mathematical 
analysis. It will be of interest to attempt 
correlation between the loading frequencies 
and local and synoptic meteorologic data. 
This will be undertaken shortly, with the 
assignment to the Sanitary Engineering 


Center of meteorologists from the Weather 
Bureau. This is doubly appropriate since 
the network survey itself is apparently 
leading toward the development of a kind 
of pollution climatology upon which any 
subsequent epidemiological studies will be 
based. 


Taft Sanitary Engineering Center, 4676 Co- 
lumbia Pkwy. (26). 
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in Chronic Poisoning 


LARS FRIBERG, M.D., Stockholm, Sweden 


Prolonged exposure to cadmium may re- 
sult in chronic poisoning.’® Among the re- 
ports on fatalities due to chronic cadmium 
poisoning, four contain statements as to the 
cadmium contents of organs. The first 
case * related to a Swedish workman who 
for several years had been exposed to cad- 
mium when making alkaline accumulators. 
High cadmium amounts were found in the 
kidneys, liver, pancreas, and _ vertebrae 
(1.5-3.9 mg/100 gm. wet substance) de- 
spite the fact that the man in question 
during the last four years had not been 
working with cadmium. Still higher cad- 
mium contents were demonstrated in the 
kidneys and liver (11.6 and 9.5 mg., re- 
spectively, per 100 gm. wet substance) in 
the second case,** that of a German accumu- 
lator maker who, also except for the last 
four years, had been exposed to cadmium 
dust for a very considerable period. In the 
third instance,* an English worker making 
copper-cadmium alloys for a couple of years 
only, the organs showed much lower cad- 
mium contents (less than 0.3 mg/100 gm. 
wet substance). The last report® also 
related to an English worker making 
copper-cadmium alloys, but for 32 years. 
High cadmium contents were demonstrated 
particularly in the liver (33.0 mg.). 
Among the workmen employed in the 
Swedish accumulator industry,? there oc- 
curred seven fatalities. All the victims dur- 
ing life had presented symptoms of cad- 
mium poisoning. In four cases the cadmium 
content was determined in various organs. 
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Deposition and Distribution of Cadmium in Man 


Since, as has been pointed out, there is ra- 
ther little evidence as to the deposition and 
distribution of cadmium in man, the results 
of the examinations will be given here. For 
purposes of comparison, data pertaining to 
the cadmium content of organs from two 
persons without known cadmium exposure 
are presented in addition. 


Methods 


At autopsy specimens from various organs were 
collected and transferred to jars containing pure 
alcchol, for subsequent cadmium analysis. The jars 
had been cleaned with dilute nitric acid and glass- 
distilled water. 

After weighing of organs fixed in alcohol, the 
specimens were “mineralized” according to a 
method described by Vesterberg and Sjoholm," 
with the exception that no potassium chlorate was 
used in the analysis.* The cadmium rates were 
spectrographically determined Checks were 
made to rule out the possibility that the chemicals 
used contained cadmium in demonstrable amounts. 


Results 


The table shows the cadmium contents of 
various organs of the four Swedish work- 
men, the case mentioned in the introduction 
included, as well as the results given in the 
German and British studies. In the accumu- 
lator makers high cadmium contents were 
demonstrable in, particularly, the kidneys, 
liver, pancreas, and thyroid. The highest 
rate was 14.5 mg/100 gm. wet substance. 

No cadmium was to be found in the kid- 
neys, liver, and pancreas of two persons 
without known cadmium exposure. 

* Performed by Dr. Ragnar Vesterberg, Ph.D., 
National Institute of Public Health. 


+ Performed by Dr. Sture Landergren, Ph.D., 
the Geological Survey of Sweden, Stockholm. 
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Comment and Conclusions 


The present observations largely confirm 
the earlier Swedish? and German ** find- 
ings in the alkaline accumulator industry. 
Thus, cadmium was retained principally by 
the kidneys, liver, and pancreas, but ob- 
viously also by the thyroid gland. In es- 
sential details the results also corroborate 
one of the English reports® from manu- 
facturing copper-cadmium alloys, even if the 
liver value in this case was higher. The 
other British study * disclosed considerably 
lower cadmium contents, probably owing 
to the fact that the period of exposure was 
markedly shorter, only two years. It should 
be mentioned that the English workers had 
been exposed to cadmium fumes and not, as 
the Swedish and German workers, to cad- 
mium dust. 

The results also on the whole corroborate 
those of experiments in animals (rabbits) 
with cadmium. Chiefly, as was found,?;*™ 
cadmium was retained by the liver, kidneys, 
adrenals, and thyroid in these experiments. 
In the pancreas, however, the cadmium 
rates were low. 

The amount of cadmium in the workmen 
is remarkable, taking into account that none 
of them during the last years (in Case 9 
no less than nine years) had been working 
with material containing cadmium (see the 
table). Hence, it should be borne in mind 
that cadmium, once it has entered the body, 
will remain in at for a very long time. 
Even introduction of small amounts extend- 
ing over considerable periods should ac- 
cordingly be suspected of giving rise to 
chronic poisoning. 


Summary 


Cadmium analyses were performed on or- 
gans from four workmen dying after pro- 
longed exposure to cadmium dust in the 
manufacture of alkaline accumulators. 

High cadmium contents were demon- 
strated, particularly, in the kidneys (1-8 


DISTRIBUTION OF CADMIUM IN POISONING 


mg/100 gm. wet substance), liver (2-14 
mg.), pancreas (4-8 mg.), and thyroid (6-8 
mg/100 gm. wet substance), notwithstand- 
ing that the victims during the last three to 
nine years before death had not been han- 
dling material containing cadmium. 

No cadmium (<0.01 mg.) was found in 
the kidneys, liver, and pancreas of two 
“normal subjects” examined. 
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Proteinuria in Chronic Cadmium Poisoning After 


Comparatively Short Exposure to Cadmium Dust 


A Report of Two Cases 


LARS FRIBERG, M.D., Stockholm, Sweden 


In previous reports’? I have discussed 
cases of chronic cadmium poisoning in an 
alkaline accumulator industry. Symptoms 
of poisoning were observed in a group of 
workmen (43) exposed to cadmium dust 
for, on an average, 20 years (range 9-34 
years), whereas 15 persons employed for an 
average of 2 years (range 1-4 years) did 
not show any symptoms. The series studied 
did not include men employed for from four 
to nine years. Of recent years two cases of 
cadmium proteinuria occurred in workmen 
with but comparatively short exposure to 
cadmium dust. As no similar experience has 
so far been published, a brief account of the 
cases will follow here. 

The men in question had been occupied 
in making alkaline accumulators. Both be- 
longed to the group, mentioned above, with 
short period of employment, and during the 
year 1947 were examined by me with nega- 
tive result as regards symptoms of cadmium 
poisoning (Friberg,? Cases 46 and 47). 

Formerly those working in the accumula- 
tor department had been exposed to cad- 
mium ? to a very considerable extent, though 
no details are known in this respect. Cer- 
tain tests performed in 1946, however, dis- 
closed rates of 3-15 mg. Cd/m.3 air. During 
the years 1947 to 1948 protective technical 
measures were taken successively, which re- 
sulted in a considerable decrease of the dust 
rates. The results of tests then carried out 
were between 0.2 and 1.9 (mean 0.7) mg. 
Cd/m.*. In 1950 a completely new depart- 
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ment was built, and according to informa- 
tion received from the factory doctor, 
subsequently the cadmium rates with a few 
exceptions have been less than 0:1 mg. per 
m.® air. In addition, on most occasions the 
workmen were wearing masks. 


Case 46.—Born in 1916. In accumulator depart- 
ment August, 1943, to November, 1950. Previously 
on the whole healthy. Since employment in ac- 
cumulator department periods of lassitude, cough, 
and dyspnea. Was examined in 1947 without ob- 
jective signs being demonstrable. Tests with 
trichloroacetic acid or nitric acid did not reveal 
proteinuria. Early in 1954 the patient reported to 
a local physician for lassitude, and then the nitric- 
acid test disclosed mild proteinuria. In October, 
1954, the patient was examined at the Department 
of Industrial Medicine of Sédersjukhuset, Stock- 
holm, to explore the possibility of cadmium poison- 
ing. Proteinuria was demonstrated once more, and 
the ESR (Westergren) was 18 mm. in one hour. 
Otherwise no signs of cadmium poisoning. Elec- 
trophoretic study of urinary protein disclosed 
changes typical of chronic cadmium poisoning.?* 

Case 47.—Born in 1890. In accumulator de- 
partment November, 1945, to April, 1954. Polio- 
myelitis in 1914, hepatitis in 1944. During employ- 
ment in accumulator department, lassitude and 
slight cough; discomfort not very pronounced, 
however. Was examined by me in 1947; no 
of poisoning. Proteinuria was not 
demonstrable in repeated tests with trichloroacetic 
acid or nitric acid. On examinations by the 
factory doctor in 1949 and 1950, no protein was 
found in the urine. On examination in 1951, one 
test of three with trichloroacetic acid was positive, 
but all tests with nitric acid were negative. In 
1952 no proteinuria. In 1953, positive to trichloro- 
acetic acid, but negative to nitric acid. In October, 
1954, examined at the Department of Industrial 
Medicine, Sodersjukhuset, Stockholm. Proteinuria 
was demonstrated, ESR 15 mm. in one _ hour. 
Otherwise no symptoms of cadmium poisoning. 
Electrophoretic study of urinary protein revealed 
changes typical of chronic cadmium poisoning.?* 


symptoms 
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Comment and Conclusions 


The proteinuria demonstrated in these 
two workers must be considered due to 
exposure to cadmium. No other causal 
factor was to be demonstrated, and electro- 
phoretic study of urinary protein disclosed 
characteristic changes of a type hitherto 
observed exclusively in association with 
chronic cadmium poisoning.?* 

The periods of exposure were remarkably 
short as compared with relevant cases so 
far on record. In Case 46 it was but seven 
years altogether, the last three to four of 
which, in all probability, were without much 
significance as to exposure. In Case 47 the 
entire period of exposure was only about 
five years until the first sign of proteinuria 
appeared, and among these five years prob- 
ably the first to second only carried any 
significance as to cadmium exposure. Fur- 
thermore, in the first case the proteinuria 
was not discovered until three years had 
passed since the patient had entirely ceased 
handling cadmium. This is a fact to be 
borne in mind, possibly indicating that in 
instances of cadmium poisoning symptoms 
may arise even after cessation of exposure. 
Regrettably, this fact does not clearly 
emerge from the case history, as no uri- 
nalyses were carried out when the man 
left employment. The results of investiga- 
tions concerning the deposition and distri- 


bution of cadmium in man‘ 


however, 


PROTEINURIA IN CADMIUM POISONING 


furnish evidence in favor of this possibil- 
ity: it was definitely established that large 
amounts of cadmium were present inter alia 
in the kidneys even several years after 
the patients had last been exposed to this 
substance. Having regard to the experience 
thus collected, it seems reasonable to claim 
reexamination of those formerly employed 
in the workshop where cadmium was used 
but later transferred to work of another 


kind. 
Summary 


An account is given of two cases of 
proteinuria in chronic cadmium poisoning 
after comparatively short periods of ex- 
posure to cadmium dust. The possibility 
of symptoms of poisoning developing even 
after cessation of exposure to cadmium is 
pointed out. 
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Emergency—Arsine Poisoning 


LT. COMDR. W. J. McKINSTRY (MC), 


U.S.N.R., and J. M. HICKES, M.D., Great Falls, Mont. 


Arsine poisoning and metal-fume fever will rarely be encountered by internists who are 
not industrial physicians. However, in an industrial age, it is possible that some of us will 
encounter one of them once and will find ourselves in the dilemma described by the authors 
in which what scant knowledge appears in textbooks is not very useful. It is for this reason 
that the interesting accounts of their experiences are printed in these pages simultaneously 


with their appearance in the A 


It is our wish in writing this paper 
that all physicians who see _ industrial 
workers at some time in their practice 
become familiar with the problem of arsine 
poisoning. True, it is of more importance 
and interest to the industrial physician. 
However, any one could have this emer- 
gency as his problem at any time. People 
with an acute illness may bypass the in- 
dustrial physician and seek aid from the 
family physician or from one of the special- 
ties. The urologist may be called for the 
hemoglobinuria, the internist or surgeon be- 
cause of abdominal pain, etc. 

Up to this time, little attempt has been 
made to present the bits of knowledge to 
the medical profession except to those whose 
interests are in the field of industrial medi- 
cine or hygiene. 

Arsine poisoning is a definite clinical 
entity. The recognition is relatively simple 
if one is only cognizant that such a disease 
process exists. The patient concerned may 
be exposed to arsine in any one of a dozen 
or more industrial processes, namely, 
where arsenic (usually as an impurity) 
comes in contact with an acid or, as recently 
shown, with aluminum used in industry 
as a finely divided dross. In fact, arsine is 
capable of being evolved in dangerous 
amounts whenever nascent hydrogen comes 
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in contact with arsenic under certain con- 
ditions. 

Poisoning from the accidental breathing 
of arsine still occurs, as we can well attest. 
Late one afternoon we were advised that 
four men had become suddenly stricken 
while at work in a local plant and were 
being sent to the hospital. A short while 
later four more men who were possibly 
exposed were also hospitalized for possible 
arsine poisoning. 

Our failure to find aid from the “com- 
mon” literature and to be able to read 
readily available accounts of recent trends 
of thought regarding treatment has led us 
to attempt to place this writing before the 
physician in a ready reference. It is our 
hope that our experiences and our search in 
the literature for purpose of summation of 
others’ past experiences with arsine poison- 
ing (beginning in 1815, when Gehlen, a 
Munich chemist, died from inhaling the gas 
in his laboratory) will be of benefit to 
others. 

Our suggestions will be few and are to 
be considered radical. We profess no great 
special knowledge except that of the futility 
of using the present medical treatment, the 
anxiety of each hour, the steady progression 
of the symptomatology toward the definite 
outcome. Once again we report that 
dimercaprol (Bal) fails to stem the RBC 
destruction. The oliguria, the anuria, and 
the uremic state could not be controlled. 


3 
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ARSINE POISONING 


Chemistry and Toxicology 


Arsine (hydrogen arsenide, arsenous hy- 
dride, arseniuretted hydrogen, AsH3) is a 
colorless inflammable gas, which is said to 
have a strong odor of garlic (most victims 
state that they smelled nothing unusual at 
the time of exposure). It is an extremely 
poisonous gas and is formed whenever 
nascent H is liberated in the proximity of 
trivalent As. Its density is greater than 
air. This toxic gas was first described by 
Scheele, who identified it in 1775. 

The most serious type of arsenical poison- 
ing is that caused by arsine. Arsine exerts 
its effects on the hemoglobin of the RBC, 
causing hemolysis, hemoglobinuria, and 
jaundice. Actually, arsine is probably the 
only powerful hemolytic agent found in in- 
dustry. 

Nau* has reported that the main factors 
concerned with the lethal action of arsine 
are (1) hemolysis of the RBC’s with the 
liberation of toxic arsenical compounds; (2) 
the blocking of the renal tubules by the 
products of the Hb. breakdown, giving rise 
to oliguria, anuria, and uremia, and (3) 
the resulting decreased Oo-carrying capacity 
of the blood. Hemoglobin is said to be the 
only constituent of blood that will react 
vigorously with arsine, and arsine is fixed in 
the blood in a nonvolatile form. The fixed 
arsenic is largely confined to the erythrocyte 
up to the time of hemolysis. 


Even though the gas apparently is readily 
soluble in the blood plasma and the resulting 
rapid fragmentation of the RBC’s is great, 
there is some arsine that escapes fixation by 
the RBC to be carried to the vital organs. 
Almost all of the toxic effects can be 
explained by the RBC destruction, but the 
damaging effect on the tissues of the liver, 
spleen, kidneys, lungs, etc., is also direct 
and severe. In massive dosages the destruc- 
tion of the blood can be almost complete, 
and its importance far overshadows the 
other toxic effects. 

It has been estimated that 0.10-0.15 gm. 
is a single fatal dose of arsenic for man. 


McKunstry-Hickes 


Air containing 50 ppm of arsine is usually 
considered dangerous, and 30 ppm will pro- 
duce symptoms of poisoning after several 
hours. As little as 16-60 ppm is said to 
produce serious symptoms after one hour of 
exposure, and one-half hour of 250 ppm 
will usually produce death. The American 
Conference of Governmental Hygienists has 
set the figure of 0.05 ppm as the maximum 
safe concentration for prolonged exposure. 


Arsine Poisoning in Industry 


Poisoning from arsine in industry is not 
as isolated as one might at first imagine. In 
1928, Muehlberger, Loevenhart, and O’Mal- 
ley listed 215 cases occurring since 1815, of 
which 20% were fatal. Spolyar and Hager, 
in their review of the literature, found 30 
cases with 12 deaths that were reported in 
the period from 1923 to 1941. Spolyar and 
others reported on 21 cases with 4 deaths in 
1950. There doubtless have been unrecog- 
nized cases, and when those cases which 
have never been reported are added we must 
realize the importance of this potent in- 
dustrial hemolytic agent. 

The highest incidence of arsine poisoning 
has been in the metallurgic industries, the 
vast majority of these cases being due to 
the action of acid on arsenic-bearing metal. 
There have been cases due to the evolution 
of arsine from the wetting of aluminum 
dross and in the tin industry. Bulmer et al. 
have reported on 14 cases that occurred in 
Canada and this country in workers who 
were recovering gold and silver with the 
MacArthur-Forrest process. Others have 
reported poisoning in the process of leach- 
ing zinc and other metals. Wills reported 
death of a man cleaning out a steel furnace 
containing a calcium arsenide and phosphate 
dross. Later, cases were reported by Spolyar 
and Hager and also Nau of arsine poisoning 
due to the use of aluminum for removal of 
arsenic and antimony in the refining of lead. 
Other cases have been reported from fer- 
rosilicon and refining of tin. Our cases 
resulted from the action of acids during 
the leaching process in a purification residue 
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department of an electrolytic zinc plant, 
which, incidentally, has been carried on for 
some 40 years under accepted safety pre- 
cautions. 

Arsenic, then, can be a contaminant in 
many of the recoverable ores of industry— 
zinc, lead, copper, antimony, gold, silver, tin, 
and others. It can also be an impurity 
in the manufacture of hydrochloric acid. 
Arsine poisoning has also been reported in 
storage-battery manufacture and in the clean- 
ing and repairing of tanks used in industry 
where arsenic has been a contaminant dur- 
ing the processing of various chemicals or 
metals. Of course the manufacture of ar- 
senicals themselves, under the proper con- 
ditions, could be a source of this gas. 

In many industries arsine is an ever- 
ready ominous “uninvited guest’”’—much like 
Longfellow’s “famine and fever.” 

In all cases of mysterious illness among 
workers with metals and/or acids a search 
for the possibility of arsenic and arsine 
should be made. As seen above, the H+ ion 
need not be furnished by an acid, but it is 
possible to form arsine in the presence of 
arsenic if hydrolysis (or perhaps electroly- 
sis) is permitted to occur where aluminum 
dross is wetted in metallurgy. 

It is imperative that an “industrial his- 
tory” be taken and included in the patient’s 
personal history. This habit may prove 
helpful not only to discover probable arsine 
poisoning but also in diagnosing other causa- 
tive industrial toxins as well. 

Industry has an important role in provid- 
ing (1) knowledge that the gas is capable 
of being produced with any given process, 
(2) modern, adequate means of detection 
and reliable warning devices should arsine 
be liberated within the working areas, (3) 
efficient ventilation mechanisms in areas 
where arsine might be liberated, and (4) 
education of the workers and other respon- 
sible parties to the dangers of the gas and 
the importance of strict controls as above. 

The “ounce of prevention is worth a 
pound of cure” adage is of the most impor- 
tance in the treatment of arsine poisoning. 
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It is an important part of a safety program 
in many industries. 


Case Studies 


Our cases, which include eight workers 
exposed to arsine, are not unique in symp- 
tomatology, course, or final outcome. Persons 
who have had a lethal dose die. The symp- 
toms presented by the four men who did not 
survive were classical to the physician who 
has seen or read about arsine poisoning. 
The other four men, who were minimally 
exposed, presented no significant findings 
on admission nor during the 24-hour obser- 
vation period. Follow-up studies showed no 
evidence of poisoning. Unfortunately, no 
ECG studies were made on any of these 
men. 

At approximately 4:45 p.m. on a cooling, 
waning September afternoon in 1950, a call 
was received at the North Montana Clinic 
informing us that four men were acutely 
and severely ill and were being transferred 
to the hospital via the company ambulance. 
Arsine poisoning was suspected, but the 
silver nitrate trains did not show arsine 
to be present in the area where the men had 
been working. Two of us met the patients 
at the hospital, where the following story 
was unfolded. 

On Sept. 9, 1950, at approximately 
4 p. m., four men were working on a routine 
job in the purification residue plant at a 
chemical processing vat. The vat was said 
to be located in an enclosure open to the 
outside air on three sides. It was stated 
that one man complained of a pain in the 
abdomen and feeling of nausea. He went 
to another part of the building for approxi- 
mately seven or eight minutes, then rejoined 
his fellow workers. By this time all four 
complained of some abdominal pain and 
nausea, some dizziness or giddiness, and 
numbness in the face and hands. When 
questioned later two of the men said they 
had smelled nothing. The third said he 
noticed an odor resembling decaying or 
burning horseflesh. The fourth said there 
appeared to be a smell of garlic or onions. 
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TABLE 1.—Survival Time After Exposure 
Survival 
Case Age Admission Death Time 
1 25 9/9/50 9/11/50 53 hr. 
2 20 9/9/50 9/16/50 7 days 
3 48 9/9/50 9/17/50 8 days 
4 20 9/9/50 9/23/50 14 days 


Altogether there was a probability of expo- 
sure to a noxious gas for 15 to 20 minutes, 
when it was suggested by others that they 
should go to the hospital. They were brought 
to the hospital and admitted at approxi- 
mately 5 p.m., all having fairly similar 
complaints and showing comparable symp- 
toms. 


The four patients who died showed a 
rather similar course, but their deaths varied 
from the first to die, within some 50 hours 
after exposure, to the fourth fatality, occur- 
ring 12 days later. The other four men 


vertebral pain, as well as bright red blood 
mixed in with the bile-colored emesis. 
Only one patient voided voluntarily after 
the initial urine specimen collected in the 
emergency room. Two (Cases 2 and 4) 
voided clear amber urine; the other two 
passed dark red urine when the first speci- 
men was collected. Within 12 hours all had 
marked hemoglobinuria. Three of the four 
complained of numbness and tingling of the 
hands, feet, and face at the time of admis- 
sion. Case 1 appeared to be in the greatest 
distress and was the first to die. All pre- 
sented fear facies and appeared to have the 
knowledge of impending disaster (Table 2). 

Physical Findings.—In Table 3 one can 
see a fairly comparable trend in the record- 
ing of temperature, B. P., pulse, and respira- 
tions during the first six-hour period. The 
physical findings were far from striking 


TABLE 2.—Symptoms and Complaints—Listed by Severity 


Case 1 


Case 2 Case 3 Case 4 
Admis, 24 Hr.* Admis. 24 Hr. Admis. 24 Hr. Admis. 24 Hr. 
Nausea and vomiting +++ +++ + +++ +++ ++ 
Headache........ +++ ++ + +++ ++ ++ 
Abdominal! pain +++ +++ + ooae 
Numbness... ++ ++ 0 
Vertigo_._.. +++ + 0 
++ +++ 0 
++ +++ 0 
++ + 0 
++ ++ 0 
rere + + 0 


* 24 hours or later. 


who were later admitted were dismissed 
from the hospital after 24 hours of obser- 
vation and were followed as outpatients 
without evidence of acute arsine poisoning. 
These last four are not included in this study. 
Chronic arsine poisoning has been reported, 
but we are here concerned with the emer- 
gency existing in the case of acute exposure 
only. 

Symptoms and Complaints —All of the 
four who died complained of severe nausea 
upon admission and had numerous emeses. 
Headache was complained of by all four, 
and in two it was severe. Abdominal pain, 
cramping in nature, was present in the four 
patients and was extremely severe in one 
(Case 1), who also had bilateral costo- 


McKinstry-Hickes: 


except for early abdominal tenderness, with 
board-like quality of the abdominal muscles. 
The tenderness was present in three of the 
four and the abdominal rigidity was present 
in two at the time of admission. There was 
early evidence of pulmonary edema in Case 
1. Other than the rapid apical beats, rales, 
and decreased breath sounds in Case 1, the 


3.—Physical Findings 


Temp., B.P. Pulse Resp 
5 p.m., 9/9/50 
Dase 1 103 162/95 126 id” 
Case 2 102 120/90 60 _— 
Case 3 98.8 145/110 84 20 
Case 4 99 130/90 92 28 
ll 9/9/50 
Case 2 102.6 128/80 82 — 
Case 3 101.4 112/82 92 24. 
Case 4 102.2 144/68 104 
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examination of the chest was negative. 
Actually, except for the above and a mod- 
erate amount of facial edema in Case 1 
within the first 24 hours, the examinations 
were otherwise of little clinical importance. 
Icteric sclerae were observed within 48 
hours in one patient (Case 1). All patients 
were observed not only to have the brown- 
ish-yellow discoloration of the sclerae before 
death but to have a deepening jaundice of 
the skin, noted beginning within the first 
48 hours. Conjunctival and mucosal injec- 
tion was noted in all patients upon ad- 
mission. 

As each patient approached death the 
usual findings associated with a uremic 
death were observed. 

Case 1 was admitted to the hospital at 5:00 
p. m. Sept. 9, 1950; taken to ward by wheel chair. 
B. P., 162/95. 

5:20 p. m.: Salt water was given as emetic. 

6:00 p. m.: Patient vomited thick green fluid 
and a small amount of blood. Appeared cyanotic, 
was sweating profusely, complaining of pain in 
the kidney region. Vomited thick greenish fluid 
and bright red blood frequently. Coughed a great 
deal. 

Sept. 10, 1950, 1:50 a. m.: The skin had a very 
red appearance. 

3:30 a. m.: Unable to void. Catheterized. Urine 
had a dark, bloody appearance. Coughing a great 
deal and vomiting bright frothy blood frequently. 

3:45 a. m.: B. P., 100/80. Restless and in pain 
in spite of sedation with morphine. Dark bloody 
urine obtained per catheter. 

10:00 a. m.: Abdomen distended. Coarse rales 
heard throughout chest. Patient in much distress. 
Breathing with difficulty. Oxygen tent—color re- 
mained dusky. 

Sept. 11, 1950, 12:10 a. m.: Did not appear to 
respond well. Patient very restless. Coughing 
continuously. Skin very red. Frequent vomiting of 
bloody, frothy material continued. 

1:00 a. m.: Very marked muscular twitching. 

2:30 a. m.: Skin clammy, extremities cyanosed. 

8:00 a. m.: Complained of abdominal pain. Be- 
came rigid when arm was disturbed. 

2:30 p. m.: Extremely restless, profuse sweat- 
ing. From this time patient’s condition deteriorated 
rapidly until death, at 9:25 p.m. 

Laboratory Findings—On admission 
Case 1 already showed severe anemia, with 
3,000,000 RBC and a Hb. of 9.4 gm., or 
59%. It is interesting to note that Case 4, 
who survived 14 days, had the second worst 
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blood picture upon admission (3,250,000, 
with 10.8 gm., or 67.5%). It was possible 
to keep all patients’ blood up to around the 
4,000,000 level, except for Case 1, whose 
anemia progressed in spite of adequate 
transfusion. 


In our cases, as reported by others, a 
leukocytosis was present early in the course 
of the disease. The highest count reported 
was that of Case 1, on the morning of the 
second day, with 34,000 WBC, including 
85% polymorphonuclear leukocytes and 
12% lymphocytes. Case 4 showed a white 
cell count of 22,000 and a differential of 
80% polymorphonuclear leukocytes and 
15% lymphocytes. 

At present the basis of the leukocytosis 
is unexplainable. CO. volumes determined 
within eight hours after admission were 
reported as being within normal limits. 
Blood calcium levels were raised to as, high 
as 21.5 mg. per 100 cc. (normal, 9-11 mg. 
per 100 cc.) by the third day. 

Urea nitrogen determinations done at reg- 
ular intervals showed an increasing uremic 
state, and abnormally high values were ob- 
tained in all four patients by the end of 48 
hours, 

Urinalyses were done whenever specimens 
could be obtained. Three of the four showed 
a positive benzidine test for occult blood in 
the urine upon admission. Two of the four 
passed clear urine as the initial specimen, the 
other two passing wine-colored urine at this 
time. As would be suspected, positive tests 
for albumin were reported on those speci- 
mens showing a positive benzidine reaction. 
Within 24 hours all patients had clinically 
evident hemoglobinuria. All urines were 
alkaline after the first 24 hours. After 12 
hours specimens were almost nil, with only 
three spontaneous voidings being recorded. 
Specimens obtained via catheter were meager 
in amount. During the second hospital day 
one patient (Case 2) was reported to have 
a total urinary output of some 150 cc. This 
was the most recorded for any patient. The 
total amount of urine recorded for the four 
men was 1850 cc., of which over 800 cc. 
was collected during the first 12 hours. 
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(This total was over a period of 31 man- 
hospital days.) 

In one early specimen 100 RBC per high- 
power field was reported. Other than this, 
no significant microscopic findings were re- 
ported. 
Treatment. 


Emergency treatment con- 
sisted of the use of morphine or meperidine 
(Demerol) for the relief of pain and anx- 
iety, warmth and position for impending 
shock, and the early administration of intra- 
venous fluids while typing and cross match- 
ings were being done. Oxygen was used in 
an attempt to relieve the nausea and appar- 
ent air hunger. It was decided to administer 
dimercaprol, and the first injections were 
given within two hours following the sup- 
posed initial exposure time. 

Dimercaprol was given in dosages up to 
2 cc. every four hours. This amounted to 
0.5 cc/45 lb. of body weight. Our local sup- 
plies, we knew, would soon be exhausted. 
However, thanks to the U. S. Air Force, 
our supplies were soon replenished from the 
East. One patient, Case 4, received 1.7 cc. 
q. 4h. for 10 doses and then b. i. d. for three 
days. Case 2 developed a mild pruritis on 
the fifth day, but we did not believe it to 
be a side-reaction of the dimercaprol. 

Whole blood and packed RBC were used 
copiously to combat the effects of the RBC 
destruction. In all, over 30 pt. of whole 
blood and 18 units of packed RBC were 
used. 

Other supportive measures, such as elec- 
trolytes, vitamins, and calories were given 
parenterally. 

Total fluid intake was regulated to be- 
tween 3000 and 4500 cc. daily, given as 
blood, isotonic saline, and 5% or 10% 
dextrose. The amount of saline was regu- 
lated by the amount of recorded emesis. 

Morphine and meperidine were used as 
needed to control pain and anxiety. 

Results —The inhalation of arsine, which 
occurred over an estimated period not ex- 
ceeding 20 minutes, proved a formidable 
opponent, and the fight for survival proved 
futile, with a fatal outcome for the four 


men. 
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Conclusions and Comment 

Almost 7 years have passed since this 
catastrophic emergency, happening during 
a routine process that had been in progress 
for almost half a century. Much thought and 


preparation has accumulated in these seven 
years. 


Arsine, when inhaled in concentrations 
above the safe level, causes a serious emer- 
gency that happens infrequently. In our 
community not only was one group of 
physicians involved (those of us who were 
directly responsible for their care), but 
many other physicians consulted with us 
during the care of these men. The internist, 
the urologist, the general practitioner, the 
pathologist, and others were concerned. We 
were all appalled at the lack of our collective 
knowledge. 

Dimercaprol has been suggested, and used, 
in the treatment of arsine poisoning. Its 
value has not been proven in the past, and 
we, in our series of cases, feel that it did 
not stem the red blood cell destruction or 
otherwise alter the course of these four 
patients. Administration of the drug was 
begun approximately two hours after expo- 
sure. We felt that the dosage was adequate. 

Other chelating agents have been intro- 
duced in the past few years, and one, 
edathamil calcium-disodium (Calcium Diso- 
dium Versenate) has been proven to be of 
real value in the treatment of lead poisoning 
and has a probable place in the treatment 
of other heavy-metal poisonings. Prelimi- 
nary trials of edathamil calcium-disodium 
have not merited further study in the treat- 
ment of arsenical poisoning. Perhaps fur- 
ther investigation along these lines will bring 
a more promising drug in the future. 

The question of a method ‘of approach 
should one be confronted with this problem 
is still, in our minds, a rather moot question. 
Because, in the final analysis, the hemoglo- 
binuria causes tubule blockage and ensu- 
ing uremia, this problem must be solved to 
prevent a fatal outcome. 

Massive exchange transfusion offers us 
a possible method of (1) reduction of the 
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circulating reduced hemoglobin and_ red 
blood cell debris, thus preventing tubule 
blockage; (2) reducing the arsenic and 
arsenical compounds in the circulating blood. 
It has not been attempted, as far as we 
know, but in the light of the absence of 
other effective methods of control it is pro- 
posed for a new approach to this problem. 
The many difficulties that would have to 
be overcome are fully appreciated, and we 
realize that blood supply, typing, and cross 
matching would prove a formidable problem. 
Cases should be carefully selected, because 
we know that those receiving less than lethal 
dosages will recover without apparent 
sequelae. However, the patient receiving a 
lethal dose is doomed, and his fate is sealed 
at a very early hour. Therefore, haste in se- 
lection and beginning the procedure is para- 
mount. Here procrastination—even for an 
hour—will prove to be disastrous. If symp- 
toms of very severe poisoning were to be 
seen again by us, we have agreed to begin 
the exchange transfusion as soon as the 
diagnosis is made. The radicalness in this 
approach is recognized, and apologies are 
asked for our suggesting this as-yet-untried 
method. 

The true solution, of course, resolves it- 
self about the first step in the treatment of 
any disease process—prevention. Adequate 
ventilation, education, and efficient warning 
devices are essential in any industry where 
arsine gas is a possibility. The odor of 
the gas definitely cannot be relied upon for 
its detection. 

Morse and Setterlind® state: “Despite 
the fact that arsenic is a long known im- 
purity of many metals, arsine poisoning has 
been given relatively scant attention by 
members of the profession of industrial 
medicine and hygiene. Many cases have 
been reported in medical literature, however, 
and any student of the problem is soon 
acquainted with what appears to be a para- 
dox, namely, poisonings by a potent hemo- 
lytic agent and comparatively little sustained 
effort being made by the members of the 
industry and the professions most directly 
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concerned with investigation and control.” 

Be this so, if the emergency arises it is still 
the responsibility of the physician or physi- 
cians concerned to prevent suffering and 
preserve life. 

Morse and Setterlind report a case in 
which the diagnosis of arsine poisoning was 
not made by the family physician, although 
this patient presented the cardinal symp- 
toms, with abdominal cramps, nausea and 
vomiting, generalized pains, and anuria 
from the first day of illness (exposure day). 
On the fourth day he was hospitalized, with 
an RBC of 1,500,000 and Hb., 51%. 

Pinto et al. feel that characteristic ECG 
changes were present in all of their cases— 
even those minimally exposed, and they feel 
that it is the most sensitive test available for 
the diagnosis of arsine poisoning. 

Most other investigators have found a 
longer latent period between exposure and 
onset of symptoms; however, gas concentra- 
tions must be taken into consideration as to 
the timing of findings following exposure. 

In our series of cases two autopsies were 
permitted and were performed by Dr. J. T. 
Fallon, then pathologist at Columbus Hos- 
pital, Great Falls, Mont. A summary of one 
protocol is included at the end of this paper 
for those who may be interested in the 
pathologic findings. Some tissue arsenic 
determinations were done on one patient, 
and the following analysis, calculated as 
elemental As in 50 gm. of tissue, was re- 
ported by Alexander O. Gettler, Ph.D., 
Professor of Toxicology, New York Uni- 
versity College of Medicine: kidney, 0.20 
mg.; liver, 0.28 mg.; blood, 0.15 mg. 

Those interested can find further sample 
determinations of various tissues in an ex- 
cellent article by Garlick.* 

For convenience, the diagnosis and differ- 
ential diagnosis are summarized in Table 4. 


Summary 


Arsine poisoning is an infrequent emer- 
gency, calling for heroic and immediate 
measures if the hemolytic and toxic effects 
of this gas are even hoped to be overcome. 
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TABLE 4.—Diagnosis and Differential Diagnosis 


Diagnosis 


. Nausea and vomiting 
Abdominal pain 

Numbness 

Headache 

. Vertigo 

. Hemoglobinuria 

— 

. May be shock picture 

. History of industrial worker (most likely in metallurgy) 
10. Positive benzidine test (urine) 
ll. Anemia 

12. Leukocytosis 

13. ECG changes 

14. Fever 


Differential Diagnosis 


. Paroxysmal! hemoglobinuria 
. Weil's disease 

Potassium chlorate poisoning 
. Pyrogallic acid poisoning 

. Blackwater fever 

. Mixed industrial poisoning 


Arsine is capable of being evolved whenever 
contaminated ores containing arsenic come 
in contact either with a hydrogen ion from 
the action of acid on metal or with aluminum 
used as a finely divided wetted dross (which 
probably evolves hydrogen by electrolysis 
or hydrolysis). Professor Drinker points 
out that arsine can be generated in danger- 
ous amounts when moisture from the air 
reacts with metallic sulfides containing small 
amounts of arsenic. All that is needed is 
nascent hydrogen and arsenic under certain 
conditions. Most cases have been reported 
in the metallurgic industries. 

Eight cases are here added to the medical 
literature, four cases having been probable 
exposures without presenting valid symp- 
toms or definite findings. The other four, 
who presented severe symptoms and com- 
plaints upon admission, died between the 
3d and the 14th days. 

Dimercaprol was considered to be of no 
benefit. Early exchange transfusion is ad- 
vocated as a possible method of approach 
to this problem until some other less radical 
form of treatment has proven to be effective. 

The importance of the part industry and 
other responsible agencies must play in pre- 
vention is stressed. 

In sublethal dosages, complete recovery is 
apparently the rule. ECG changes, as de- 
scribed by others, are felt to be of impor- 
tance in the diagnoses of even minimal 
exposure cases. 
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Synopsis of Autopsy Protocol of Case 1 


The body is that of a well-developed and well- 
nourished adult white man, 25 years old, measur- 
ing 5 ft. 7 in. in height and weighing 136 lb. 
There is a dusky, deep-brownish discoloration of 
the skin and mucous membranes of the entire 
body. Rigor mortis is present in slight degree. 

Head.—The only finding of note is the brownish- 
yellow color of the sclerae. 

Body.—The fat is slightly brownish-tinted yel- 
low in color. The muscles are deep beefy red in 
color. 

Peritoneal Cavity.—Essentially negative. 

Pleural Cavities—The left pleural cavity con- 
tains approximately 500 cc. of dark fluid blood. 

Pericardial Cavity.—The pericardial cavity con- 
tains about 20 cc. of dark, amber-colored fluid. 

Heart—Weight, 410 gm. The epicardium is 
smooth and glistening. There are. a number of 
small subepicardial extravasations of blood. 

Lungs. —Right, 760 gm.; left, 630 gm. Both 
lungs are similar. They are heavy and wet, con- 
taining considerable amounts of air. Fine, soft, 
boggy nodulations are felt throughout the paren- 
chyma of both lungs. On section there is a 
coarse, slightly brownish-to-red soft nodulation 
on a spongy deep-purplish-red parenchyma. The 
lighter nodulation surrounds bronchioles. Very 
large amounts of dark blood-stained froth are 
expressed from the cut surfaces. Small droplets 
of thin blood-stained mucoid material are ex- 
pressed from the cut ends of the bronchioles. The 
bronchi and trachea contain large amounts of 
dark blood-stained froth. The epithelial linings of 
the bronchi and trachea are swollen, congested, 
and edematous. 

Spleen—Weight, 250 gm. The capsule is 
smooth and tense, with a fine irregular dark- 
reddish mottling. On section the cut surfaces 
are deep, dark purplish-red. A large amount of 
pulp is scraped away. 

Lwer—Weight, 690 gm. The capsule is smooth 
and tense. The liver is light brownish. On section 
the cut surfaces are light, strictly tinged greenish 
brown, with a fine purplish mottling. The cut 
surfaces are wet and greasy. 

Pancreas.—Weight, 150 gm. The pancreas is 
unusually soft. 

Gastrointestinal Tract—The stomach is moder- 
ately dilated and filled with very dark greenish- 
brown, almost black fluid material containing fine 
black coffee-ground-like material. The subserosal 
blood vessels are fairly markedly congested. The 
mucosa is greenish stained, with numerous small, 
dark-red, submucosal hemorrhagic foci. 

The entire gastrointestinal tract is somewhat 
distended and filled with material similar to that 
described in the stomach. There is a light green- 
ish-brown discoloration of the bowel wall, except 
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in one area about 30 cm. in length in the midpor- 
tion of the ileum, where the bowel wall is deep 
dark-reddish and remarkably soft. The entire 
mucosa has a congested, edematous appearance, 
with numerous small mucosal dark hemorrhagic 
areas in different portions; with enough dilution 
the material in the entire gastrointestinal tract is 
brownish green. 

Adrenals——Normal in size. The adrenals are 
soft, congested, and remarkably friable. 

Kidneys.—Left, 250 gm.; right, 250 gm. The 
kidneys are similar. The capsules are remarkably 
tense. The kidneys are practically black, with a 
bluish-green sheen of the capsules. On section 
the cut surfaces are somewhat elevated above the 
cut edges of the capsules. The surface is swollen 
and edematous in appearance. They are almost 
black. The cortices measure 0.1 cm. in thickness. 
The junction between cortices and pyramids is 
almost indistinguishable. The cut surfaces are 
fairly markedly congested. 

Comment.—The spilled blood is very dark 
brownish red. Wiping it from a white surface 
leaves a greenish-yellow stain. The fascia, cartil- 
ages, and tendons show a light greenish-brown 
tinting. 

Microscopic Examination—Heart: The epi- 
cardium is not remarkable. In the myocardium 
there is a generalized cloudy swelling of the 
sarcolemma of the muscle fibers which is early 
and of moderate degree, varying to some extent 
in different areas. There is a moderate degree of 
fragmentation of the muscle fibers in different 
areas. The nuclei of large numbers of the muscle 
fibers are unusually large, pale, and vacuolated. 
Many of the venules contain clumps of degenerat- 
ing red blood cells which are separated and sur- 
rounded by deposits of hemosiderin. The endothelial 
cells lining these blood channels are severely swol- 
len, with acidophilic-staining cytoplasm and poorly 
defined lymph-cell membranes. 

Lungs: The alveolar spaces throughout all sec- 
tions of lung tissue taken contain very numerous, 
remarkably large alveolar phagocytes. Some of 
these phagocytes are giant in type, with a single 
nucleus. Others contain 2 to 10 nuclei. The cyto- 
plasms of these alveolar phagocytes contain combi- 
nations of anthracotic pigment, hemosiderin, 
hemoglobin, ingested red cells, and clear vacuoles. 
Practically every alveolar space contains some 
normal-appearing red blood cells. Much cellular 
debris is encountered within the alveolar spaces. 
Some alveolar spaces contain masses of greenish- 
yellow- to deep-brownish-colored finely reticulated 
material. There is a generalized swelling, with 
marked edema of the endothelial cells lining the 
alveolar spaces and alveolar sinusoids. Small rup- 
tured areas are seen in the walls of large numbers 
of the alveolar sinusoids. Many of the bronchioles 
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are plugged with alveolar phagocytes, red blood 
cells, serum, and desquamated epithelial cells. The 
lining epithelium is swollen and edematous and is 
breaking away from the walls in different areas. 
The peribronchiole connective tissues, lobar septa, 
and subpleural connective tissues are very markedly 
edematous, with stretching and breaking apart of 
connective tissues. The lymphatics in these regions 
are very dilated and are filled with serum. Most 
of the branches of the pulmonary veins contain 
only serum without cells. The lymphatic aggrega- 
tions of the lung tissue are enlarged and edematous. 
Numerous small areas of interstitial hemorrhage 
are seen in the subpleural regions. 

Spleen: The lymphoid elements are large and 
numerous. They contain considerable numbers of 
eosinophils. Most of them show proliferations of 
their germinal centers. A picture which simulates 
amyloid disease is seen in a considerable number 
of the germinal centers. There is a moderate de- 
gree of proliferations of the reticuloendothelium. 
The reticuloendothelial cells are greatly swollen 
and edematous. Phagocytosed red blood cells and 
hemosiderin are seen in many of the reticuloendo- 
thelial cells. The sinusnids are dilated and swollen, 
as are the blood vessels. The trabeculae and the 
walls of many of the blood vessels show a general- 
ized greenish brown staining. The capsule is not 
remarkable. 

Pancreas: The islet and acinar tissues are not 
unusual except that considerable numbers of hy- 
perchromatic nuclei and frequent mitotic figures 
are seen in the acinar cells. Numbers of the ducts 
are dilated and filled with inspissated secretion. 
The interstitial tissues and blood vessels are not 
remarkable. The pancreas is well preserved and 
stained. 

Gastrointestinal Tract: Sections of the walls 
of the gastrointestinal tract taken from a number 
of areas all show similar histopathological changes. 
There is slight generalized edema of the mucosa, 
with desquamation of the superficial layers of the 
mucosa. The blood vessels throughout the wall 
are markedly dilated and congested. The lumen 
contains desquamated epithelium and _ brownish, 
finely particulate material similar to hemosiderin. 

Liver: There is a marked generalized cloudy 
swelling of the cytoplasm of the liver cells, 
especially in the midzones of the lobules. The 
intercellular sinusoids are dilated and filled with 
serum and granular cellular debris. The blood 
vessels are dilated and congested. Glisson’s cap- 
sule and the biliary ducts are not remarkable. 

Adrenals: Both adrenal glands show identical 
histopathologic changes. They show evidences of 
excessive secretory activity. These cells of all 
layers are markedly swollen. The cells of the 
zones of Lucita are extremely pale. In a number 
of areas they are in acinar formations, forming 
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lumina which are filled with deeply acidophilic 
material similar to the colloid of the thyroid gland. 
The intercellular sinusoids and blood vessels are 
markedly dilated and congested. The cells of the 
medullae are swollen. The cytoplasm is remark- 
ably clear, finely granular in some of the cells. 
The adrenal glands are not otherwise remarkable. 

Kidneys: Both kidneys show similar histopath- 
ologic changes. The cells of the glomerular tufts 
are swollen and edematous, disintegrating in some 
areas. Many of the glomerular spaces are filled 
with red blood cells and serum. There is a 
diffuse cloudy swelling, with granularity of the 
tubule cell cytoplasm. The proximal convoluted 
tubules and descending portions of the loops of 
Henle are filled with red blood cells and debris 
of red blood cells. Small portions of their debris 
are being picked up by the tubule cells in these 
regions. The ascending portions of the loops are 
filled with dense casts of deeply reddish-brown- 
staining wax-like material which is acellular and 
appears to have a high hemoglobin content. The 
interstitial tissues and blood vessels are not unusual. 


U. S. Naval Hospital, Corona, Calif. 
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Metal-Fume Fever from Inhaling Zinc Oxide 


LT. COMDR. LLOYD C. ROHRS (MC), U.S.N. 


Metal-fume fever is an acute industrial 
illness which follows the inhalation of finely 
dispersed particulate matter formed when 
certain metals are volatilized. The oxides of 
the following metals are capable of causing 
the disease: antimony, arsenic, cadmium, co- 
balt, copper, iron, lead, magnesium, manga- 
nese, mercury, nickel, tin, and zinc.’® 
When zinc or one of its alloys is burned, 
melted, or heated in air to greater than 930 
F, the oxide is formed as a fine dispersion 
of dry particles of about lp in size. The 
inhalation of these causes a common, tran- 
sient, benign form of metal-fume fever. In 
the past this disease has been called “brass 
founder’s ague,” “zinc fever,” “zine chills,” 
“Spelter’s shakes,” “glavo,” and “metal 
shakes.” Industrial workers in recent 
years who perform bronzing, galvanizing, 
copper rolling, or welding of zinc or gal- 
vanized iron have experienced symptoms of 
this disease.’ 
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Symptomatology 


During exposure to the fumes of zinc 
oxide, dryness and irritation in the throat 
and a sweetish taste in the mouth are ini- 
tially experienced. The dryness of the 
throat increases, becoming associated with 
substernal tightness, constriction in the 
chest, and development of a dry cough. 
Several hours following exposure lassitude, 
malaise, fatigue, frontal headache, low back 
pain, cramps in the muscles, and occasionally 
blurred vision are noted. Chilly sensations, 
shivering, and trembling appear. If the 


Recorded for publication Feb. 8, 1957. 

From the Medical Service, U. S. Naval Hospital, 
Oakland, Calif. 

The opinions or assertions contained herein are 
the private ones of the writer and are not to be 
construed as official or reflecting the views of the 
Navy Department or the Naval Service at large. 
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person is exposed to a cool environment, a 
malaria-like chill at times is experienced 
which may last several hours, followed by 
myalgia. Nausea and occasionally vomiting 
occur. When examined the patient has 
fever, perspiration, dyspnea, rales through- 
out the chest, and tachycardia. There is a 
polymorphonuclear leukocytosis. The roent- 
genogram of the chest is invariably normal 
or reveals only increased bronchovascular 
markings. Such an attack may last from 
6 to 12 and rarely 24 hours. Weakness and 
mild prostration follow, but recovery is com- 
plete. With repeated exposure an increased 
tolerance develops and a seeming immunity 
is acquired. The “immunity” is quickly lost 
during holidays or over a weekend, for the 
attacks are observed to be more frequent 
and more prevalent on Monday.?* 


Report of Cases 


Case 1.—A 42-year-old white male welder was 
in good health on March 12, 1955, when he began 
his usual occupation of arc welding on galvanized 
iron pipes. Two blowers were used to ventilate 
the area. Ordinarily the men performing this task 
were rotated frequently, but because the job was 
done on a weekend the patient had to work from 
8 a.m. until 2 p.m. except for a short lunch 
period. While welding he gradually developed a 
slight metallic taste in the mouth and bitemporal 
headache. Gradually, as the exposure to the fumes 
continued, he experienced the onset of shaking and 
shivering, with chilly sensations. He noted a feel- 
ing of fever, nausea, and a dry, harsh cough with 
associated dyspnea, Cramps in the muscles were 
attributed to the severe shaking. When first seen 
at his place of work he was very dyspneic but not 
cyanotic. The temperature was 103 F orally. He 
was given oxygen for about 15 minutes and rushed 
to the hospital. Upon admission he gave a history 
of having had many similar episodes in the past 
and, despite the discomfort, was somewhat annoyed 
at having been rushed to the hospital as an emer- 
gency. He had had like symptoms in the past after 
welding galvanized iron and had seen them in 


‘ 


METAL-FUME FEVER 


other welders. Sputum was rarely produced in 
spite of the cough. He volunteered that with 
severe episodes vomiting would occur. He knew 
that the degree of illness was proportional to the 
length of exposure to the fumes and that it usually 
took several hours before the symptoms began. 
The patient was most emphatic in stating that 
the symptoms would be alleviated within an hour 
or two by taking milk and cream or olive oil. 
He stated that other welders, as well as himself, 
frequently would drink rich milk before welding 
on galvanized iron, in an attempt to avert the 
illness. 

The physical examination revealed a_ well- 
developed, large, muscular person. He was mini- 
mally dyspneic and shaking. He had a hoarse, 
raucous, nonproductive cough. He was perspiring 
freely. The temperature was 103.4 F orally. There 
was a tachycardia of 112. Coarse breath sounds, 
rales, and wheezes were heard throughout the 
entire chest. The examination revealed no other 
pertinent abnormalities. The white blood cell count 
was 21,300, with a differential of 82% poly- 
morphonuclear leukocytes and 18% lymphocytes. 
A roentgenogram of the chest was within the limits 
of normal. 

As the patient had requested, he was given milk 
liberally and was observed in the emergency room. 
Over the ensuing two to three hours the fever 
gradually subsided, dyspnea and chills disappeared, 
and the auscultatory findings in the chest became 
normal. The improvement after three hours was 
so striking that, at his insistence, he was not hos- 
pitalized but was sent home. The total period of 
observation was about five hours. He was at work 
the following Monday. 


Although this disease is common in 
welders, reports have not been found of 
persons using buffing machines on zinc- 
coated surfaces who have developed the 
typical symptom-complex. Two men were 
independently employed cleaning potable 
water tanks of ships in dry dock. These 
tanks have an inside coating made of a zinc 
dust preparation. Removal of this ordi- 
narily is done by sandblasting. Occasionally 
a rotatory steel wire automatic brush is 
used. Heat and dust are created during the 
process. The following two cases illustrate 
an unusual means by which metal-fume 
fever was contracted and the error which 
initially arose in diagnosis. 


Case 2.—An 18-year-old white youth was ad- 
mitted to the U. S. Naval Hospital, Oakland, 
Calif., on June 25, 1956, with a diagnosis of infec- 
tious mononucleosis because of intermittent chills 
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and fever for the previcus three weeks. The man 
was employed in the capacity of cleaning the potable 
fresh water tanks, using a rotating wire automatic 
buffing machine. Considerable dust and particulate 
matter were produced by this procedure, and the 
machine became very hot. A mask to diminish 
inhalation of dust was worn. The first day he was 
employed in this capacity he experienced the onset 
of malaise, chills, fever, cough, and subsequently 
nausea and vomiting. These symptoms recurred 
periodically with such regularity that he soon 
associated them with the daily descent into the 
tank for buffing. They usually were not experienced 
until the end of the day, and frequently the man 
would not observe them until he went home in 
the evening. On June 25, 1956, a Monday, he re- 
ported to work in his usual state of good health. 
In the afternoon he had a particularly severe epi- 
sode of chills and fever, with shaking of the entire 
body. He noted a cough productive of frothy 
sputum and intense nausea with one episode of 
vomiting. As he was still on duty he was taken 
to the local dispensary. Examination revealed an 
ill-appearing, moderately obese young man. Tem- 
perature was 103.2F orally. Blood pressure was 
“normal.” There was a tachycardia of 110. White 
blood cell count was 30,350, with 79% polymorpho- 
nuclear leukocytes, 6% nonfilamented forms, 6% 
lymphocytes, 7% monocytes, 1% eosinophils, and 
1% basophils. By 11 p. m., approximately six hours 
after the onset of symptoms, when examined at the 
hospital, the man was in no distress. Temperature 
was 99.8 F orally, and the pulse rate, 88 per minute. 
Blood pressure was 112/68 mm. of Hg. Except 
for a mild hyperemia in the pharynx, no other 
abnormalities were observed on this examination. 

The following morning no abnormalities were 
found upon reexamination, and a repeated hemo- 
gram was normal. The urinalysis and roentgeno- 
gram of the chest were without abnormality. After 
a period of observation, during which time he con- 
tinued to be asymptomatic, he was returned to duty. 

Comment.—This patient, upon admission, 
was considered: to have an acute infectious 
disease, and at first one might have been 
inclined to doubt that this represented an 
example of metal-fume fever despite the 
clarity and sequence of events in the history. 
Subsequently, however, it was learned at 
the shipyard that other men employed in 
the same task had experienced identical 
symptoms. Because the symptoms were less 
severe they had not sought medical atten- 
tion, and since recovery was complete by 
the following day they paid no attention to 
them. Further confirmation was obtained 
by the findings in Case 3. 
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Case 3.—A 22-year-old white man was referred 
to the U. S. Naval Hospital, Oakland, Calif., on 
June 21, 1956, with a diagnosis of “fever of unde- 
termined origin.” He had been employed in clean- 
ing water tanks over a two-day period, using a 
steel wire buffing machine. A mask to prevent 
inhalation of dust had been worn. Forty-eight 
hours prior to his admission, on the first day of 
that duty, he experienced vague malaise, chilly 
sensations, and a feeling that his temperature was 
elevated. Following completion of duty that day 
he had a mild chill and a feeling of malaise which 
continued throughout the evening. The following 
morning, although the malaise persisted, he was 
sufficiently recovered to return to duty. During the 
second day the malaise worsened. He developed low 
back pain and a “dry, hacking,” nonproductive 
cough. Upon arrival at home that evening he ex- 
perienced a shaking chill and continued to have 
severe low back pain, aching of the muscles of the 
right shoulder, a dry cough, and severe malaise. A 
physician summoned to see the man referred him to 
a local dispensary with a diagnosis of “pneumonitis.” 
At the dispensary he was found to have a tempera- 
ture of 102.4 F orally, but the examination revealed 
no other pertinent abnormalities. At 1 a.m. he 
was transferred to the hospital. The physical ex- 
amination then revealed an acutely ill young man. 
Temperature was 103.6F orally. His face was 
flushed. The pulse rate was 104 per minute, and 
the blood pressure, 104/70 mm. of Hg in the right 
arm. No other significant abnormalities were dis- 
closed. The white blood cell count was 21,400, 
with a differential of 59% polymorphonuclear 
leukocytes, 26% nonfilamented leukocytes, 13% 
lymphocytes, and 2% monocytes. Sedimentation 
rate was 6 mm. in one hour. A blood culture re- 
vealed no growth. Urinalysis and roentgenogram 
of the chest were within the limits of normal. 


This patient was assigned to the contagious- 
disease ward and isolated. Four hours following 
admission he became afebrile and remained so 
throughout the first night and over the subsequent 
period of observation. By the following day he was 
completely asymptomatic. A repeated hemogram 
was normal. 

Comment.—Initially this patient was 
thought to have pneumonia or an acute in- 
fectious process, and a blood sample for 
culture was drawn. It was not until the 
history and sequence of events were re- 
evaluated and the course observed that the 
diagnosis was established. In Cases 2 and 3 
the type of mask worn was inadequate. Both 
developed their illness at the end of the day 
or after reaching home. This is in accord 
with other reports, which indicate chills and 
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fever uncommonly occur while a person is 
at work, but usualiy after he has reached 
home and sometimes after he has gone to 
bed.2, Neither of these men, unlike the 
person in Case 1, had auscultatory abnor- 
malities in the chest. Though they were 
acutely ill when first seen, both were 
sufficiently improved in 12 hours to have 
permitted their return to work. Their hos- 
pitalization was extended only for observa- 
tion, and additional or residual symptoms 
or findings were not observed during the 
subsequent several days. It appears that 
the zinc dust created was of sufficiently 
small particulate size to produce the symp- 
toms. One would doubt that the heat gen- 
erated was sufficient to form zine oxide in 
the usual manner. 


Comment 


Although it was known to the ancients 
that when zinc was burned white dust-like 
particles were formed, called “philosophers’ 
wool,” it was not until 1831 that “ague” 
following inhalation of freshly burned zinc 
fumes was first reported.* In 1845, one of 
the first accurate accounts of the symptoms, 
course, and benign nature of ague associated 
with the pouring of brass was reported. 
Considerable controversy existed, however, 
as to the exact cause of the malady until 
an experiment was performed by Lehmann, 
in 1906. Zine was burned and vaporized 
under laboratory conditions, and zinc oxide 
was formed. Lehmann and four assistants, 
after exposing themselves to the fumes, ex- 
perienced typical symptoms of ague, or what 
is now recognized as metal-fume fever. 
Similar experiments were performed by 
others.* A study by Drinker et al.** re- 
ported clinical observations on 10 persons 
subjected to known concentrations of 
freshly produced zinc oxide fumes. The 
symptoms which ensued were a sweetish 
taste in the mouth and a dry cough within 
5 to 10 minutes after exposure. Six hours 
later substernal pain, nausea, and anorexia 
were observed, followed by headache, weak- 
ness, backache, chilliness, and fever reaching 
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a maximum of 102.8 F orally. The fever 
disappeared within 20 hours. Fine moist 
rales were heard beginning about one-half 
hour after inhalation. Three to five hours 
after exposure the white blood cell count 
reached 16,000. The leukocytosis gradually 
abated. Interestingly, the persistence of an 
elevated count was associated with a milder 
production of symptoms upon reexposure to 
zinc oxide fumes. Drinker’s study also re- 
vealed a decrease in the pulmonary vital 
capacity during the acute phase of illness. 
In one case this was 53%, and in another, 
18% below their norm. The pulmonary 
vital capacity returned to normal upon re- 
covery from the acute stage. Zinc oxide 
as an etiologic factor was established, but 
the mechanism by which the symptoms were 
produced remained undetermined. 

The dryness and irritation of the throat ; 
substernal tightness; cough, wheezing, and 
rales, and decreased pulmonary vital capa- 
city are undoubtedly due to physical irrita- 
tive phenomena and bronchial constriction. 
The systemic features, less easily explained, 
are the subject of considerable speculation. 

Lehmann postulated that the inhaled zinc 
oxide particles, because of their small size, 
reach the alveolar epithelial cells, where a 
destructive action occurs. The proteins thus 
formed when absorbed systemically pre- 
sumably produce the symptoms. That bron- 
chiolar and alveolar damage has occurred is 
suggested by the cases reported which have 
shown upper respiratory infections follow- 
ing an acute attack of metal-fume fever. 

Particulate zinc entering the circulation 
via the lungs has been considered as a 
cause of the symptoms.® In support of this 
were the early experiments. Lehmann 
found zine in the urine, and Arnstein re- 
covered zinc from both urine and feces in 
subjects exposed to zinc oxide fumes. It is 
now known, however, that a normal person 
excretes zinc in the amount of 0.3 mg. per 
day in the urine and about 10 mg. per day 
in the feces. Refutation for this considera- 
tion exists, for intravenous administration 
of zinc causes no symptoms.’° 
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The lack of similarity between inhaled 
and ingested zinc oxide has been reviewed 
extensively. Nausea, vomiting, and sub 
sternal and abdominal pain with prostration 
follow ingestion. It may be that with ex- 
posure to zinc fumes some particulate matter 
is swallowed, and so a partial explanation 
exists for the nausea and vomiting some- 
times seen in an acute attack. 

Symptoms like those of metal-fume fever 
have not followed inhalation of ordinary 
zinc oxide powder. The large oxide particles 
apparently cannot readily pass through the 
bronchioles to reach the alveoli, a necessity 
for the production of symptoms. In freshly 
formed zinc oxide fumes the particles are 
dry and dispersed. Flocculation soon occurs, 
and large particles are formed. These also 
are incapable of causing the characteristic 
symptomatology.* 

Symptoms resembling those occurring in 
metal-fume fever have been observed in a 
disease caused by a bacterium of the Aero- 
bacter group or its products recovered from 
stained cotton dust.1' This has suggested 
that bacteria or their products may be in- 
volved in the pathogenesis of symptoms in 
fume fever. That metals are capable of 
exhibiting a bactericidal effect on micro- 
organisms, even in extreme dilution, is 
known. Naegeli, in 1893, is stated to have 
called this effect the oligodynamic action of 
heavy metals.’* It has been postulated that 
the oligodynamic action of zinc exerts a 
toxic effect on the organisms of the lower 
respiratory passages and the absorption of 
the endotoxins liberated leads to the sys- 
temic features observed.’* This speculation 
may be debated, for it has been found that 
in health the trachea, bronchi, and lungs are 
usually sterile. 

Of the aforenoted concepts of pathogene- 
sis, Lehmann’s protein-absorption theory 
appears to be the most reasonable. 

The resemblance of metal-fume fever to 
an acute infection prompting the diaguosis 
of influenza, pneumonia, acute bronchitis, 
malaria, or a septic process is evident and 
warrants comment, as these must be con- 
sidered in the differential diagnosis.‘ 
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The type of metal oxide and its concen- 
tration determine the severity of the attack.® 
With that produced by zinc oxide the re- 
covery is complete within 24 hours, and 
lasting residual pulmonary damage in man 
has not been reported.*:! Certain sequelae, 
however, can be cited. Of the four cases 
reported by Kuh et al.,1* one patient was 
hospitalized six days because of an ensuing 
upper respiratory infection. Pneumonitis 
followed an acute attack of metal-fume 
fever precipitated by welding on galvanized 
iron reported by Raine.4® Subject “C” 
tested experimentally by Drinker et al.? had 
persistent pulmonary rales and roentgeno- 
graphic findings of increased pulmonary 
vascular markings for several days follow- 
ing exposure to zinc oxide. Nevertheless, 
considering the extensive industrial use of 
zine and the reports appearing in the litera- 
ture, the incidence of ensuing respiratory 
sequelae must indeed be few. No authentic 
fatal case of metal-fume fever due to zinc 
oxide inhalation has been reported.* So- 
called “chronic poisoning” associated with 
zinc, mentioned in the earlier literature, is 
considered at present to be due to toxic 
impurities sometimes found in zinc ores, 
such as antimony, arsenic, cadmium, and 
lead.® These metals are capable of pro- 
ducing severe and even fatal metal-fume 
fever." 


Because of the benign nature and short 
duration of symptoms seen in metal-fume 
fever caused by zinc oxide, only sympto- 
matic and supportive therapeutic measures 
have been advocated. It has been recom- 
mended that persons be treated “as though 
they had la grippe.” ? Relief may be afforded 
by using codeine, acetylsalicylic acid (aspi- 
rin), fluids, fruit juices, hot drinks, and 
bed rest. It is stated that an attack can at 
times be averted by a warm bath taken early 
in the course of the illness. Since chilling 
may initiate an attack, it was considered that 
a warm environment might prove beneficial. 
Drinker placed one of his subjects in a room 
having a humidity of 95% and a tempera- 
ture of 100 F, following inhalation of zinc 
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oxide fumes. No effect on the course of 
the ensuing illness was observed. An emetic 
and purge have been recommended.® Pre- 
vention and relief of symptoms, according 
to some, has followed ingestion of milk, 
sodium bicarbonate, and adequate fat in the 
diet.**® The beneficial effect of many of 
these recommendations would be difficult 
to assess in view of the short duration and 
known spontaneous recovery. 

Of greater importance is the prevention 
of this disease. Reducing fume concentra- 
tion, limiting exposure time, maintaining 
adequate ventilation, and wearing proper 
protective respiratory devices are basic 
fundamental features.?, The respiratory de- 
vices protecting against the pneumoconeoses, 
the Type A respirators approved by the 
Bureau of Mines, are considered inade- 
quate. Type B mechanical-filter respirators 
are advised for fumes but without other 
precautions may be unsatisfactory. Drinker 
found that concentrations below 50 mg, of 
zine per cubic meter rarely were associated 
with symptoms. Reduction of fume concen- 
tration to 15 mg. per cubic meter is recom- 


mended,® and an exposure time of eight 
hours to this concentration is considered 
safe. 


Summary 


Metal-fume fever due to zinc oxide is an 
acute, transitory, inhalant illness. 

Irritation in the throat, substernal tight- 
ness, malaise, headache, muscle cramps, 
chills, and fever occur following exposure 
and usually disappear in 6 to 24 hours with- 
out ensuing complications or sequelae. 

Three cases manifesting metal-fume fever 
due to zinc oxide are reported. One case 
was typical in that it followed exposure to 
the fumes produced in welding galvanized 
iron. Two cases are described which oc- 
curred following inhalation of dust formed 
when an abrasive steel-wire buffing machine 
was used in cleaning zinc-coated water 
tanks, 

In the literature reviewed, confirmation 
of zinc oxide as an etiologic factor of this 
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illness was found. Of the theories of patho- 
genesis, that which attributes the symptoms 
to the absorption of proteins formed fol- 
lowing the destructive action of zinc on the 
alveoli is most tenable. 

Supportive treatment is recommended. 
Preventive measures consist of reducing 
fume concentration, limiting exposure, 
maintaining adequate ventilation, and using 
mechanical-filter respiratory devices. 

U. S. Naval Hospital, Oakland, Calif. 
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Radiological Hazards Due to X-Radiation in 


Veterinarians 


JACQUELINE MESSITE, M.D., New York; FORTUNATO MARIA TROISI, M.D., Bologna, Italy, and 


MORRIS KLEINFELD, M.D., New York 


Introduction 


Shortly after Wilhelm Conrad Roentgen 
discovered “X-rays” in 1895, reports ap- 
peared in the literature of dermatological 
manifestations such as dermatitis, erythema, 
and ulcerations associated with x-ray ex- 
posure.!:*3 These reports have become more 
frequent, so that to-day radiation damage, 
both local and systemic, due to ionizing 
radiation from X-rays or radium and other 
radioactive substances is a well-accepted fact. 
More attention, however, is given to the 
general body effects of exposure to hard 
radiation of high intensities and less to local 
damage due to chronic exposure to soft x- 
radiation under 100 kv, such as emanates 
from fluoroscopes. The purpose of this 
study was twofold: (a) to observe the 
presence of any biological effects from 
fluoroscopy in a survey of veterinarians; 
(b) to evaluate the radiological health pro- 
tection procedures employed by veterinarians 
using diagnostic x-ray equipment and if 
indicated to recommend approved methods 
of control. 


Methods 


Seventy-five veterinarians from New York City 
and lower Westchester were selected at random 
from a list of veterinarians using fluoroscopy. 
In 57 a combined medical and environmental study 
was made. 


Submitted for publication Sept. 13, 1956. 

Senior Industrial Hygiene Physician (Dr. Mes- 
site) and Assistant Director (Dr. Kleinfeld), 
Division of Industrial Hygiene, New York State 
Department of Labor; Medical Inspector, Ministry 
of Labor, Bologna, Italy, formerly Fullbright 
Fellow (Dr. Troisi). Dr. Troisi spent a six- 
month period in 1955 with this Division. 


48 


The medical study included a clinical history, 
a physical examination with particular reference 
to the skin and nails of the hands, and a blood 
count including hemoglobin, white cell count, red 
cell count, smear, and differential count. 


The environmental analysis consisted of a 
measurement of the primary beam of the fluoro- 
scopic machine using a Victoreen Condenser R- 
meter and scatter radiation by means of a Juno 
ionization chamber survey meter. 


The weekly radiation exposure received by these 
veterinarians was estimated on the bases of the 
measured dose rate and the average exposure time. 
The limitations of the environmental analysis were 
dealt with in a companion paper, which reported 
on the environmental data.‘ 


Results 


The ages of the veterinarian ranged be- 
tween 25 and 78 years, with 41 between the 
ages of 30 and 49 years. Forty-six of the 
seventy-five had been in practice for more 
than 10 years, but the total span of practice 
varied between 31% and 50 years. 

No systemic disease related to radiation 
exposure was elicited by clinical history and 
clinical examination. Most of the veterina- 
rians enjoyed good health. In seven, rheuma- 
toid or hypertrophic arthritis was observed, 
and in seven others, allergies to either drugs 
or soap products were elicited. The latter 
were manifested essentially as allergic der- 
matitis or as hay fever. 

The major abnormalities associated with 
radiation exposure were limited to the skin 
and nails of the fingers. Nail disorders oc- 
curred in 15, or 26.3%. Of these, longi- 
tudinal ridging or striations of the nails were 
noted in 10 of the 15, while actual nail 
splitting occurred in 5. In most cases, the 
ridging, striations, or splitting were bilateral 
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Fig. 1—Hands of a veterinarian exposed to 
excessive X-radiation, showing nail ridging, nail 
striations, ulcerations, and keratoses. 


and most frequently involved the thumb, 
index fingers, and middle fingers (Fig. 1). 
No set pattern was observed, and isolated 
nail findings were not infrequent. Of the 
15 with nail involvement, 9 were below 45 
years of age and all had been in practice 
more than 12 years. Of the 10 with ridging 
of the nails, 3 had associated skin involve- 
ment. Of the five with split nails, four had 
skin manifestations. Skin manifestations 
appeared in 9, or 15.7%, of the veterinarians. 
Of these, two had erythema about the nail 
beds; two, ulcerations; two, ulcers and 
keratoses; one, keratoses alone; one, ery- 
thema, ulcers, and keratoses, and one, ulcers 
and an epithelioma. In four, skin grafts were 
necessary after excision of ulcerated or 
keratotic areas, and in two, amputation of 
one or more phalanges was performed when 
healing did not occur (Fig. 2). The patho- 
logical reports of the amputations were not 
available. 

No striking hematological findings were 
found in this survey. Seven, or 12.2%, of 
the veterinarians had a leukocytosis, with 
counts ranging between 11,100 and 16,300 
cells per cubic millimeter, and 6, or 11.3%, 
had an eosinophilia (5 to 7 eosinophils per 
100 white cells). 


Comment 


The biological effects observed in the 
survey were similar in many respects to 
those reported in radiologists, dematologists, 
physicians, nurses, radiological technicians, 
and dentists exposed to radiation emanating 
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Fig. 
grafting necessitated by poor healing of ulcers. 


2.—Amputations of phalanges and skin 


Note the residual small ulcerated area on the 
fourth finger of the right hand. 


from fluoroscopes or x-ray machines.>™ 
Since each specialty introduces different 
techniques, types of equipment, and amount 
of radiation, it is anticipated that some 
differences will be observed. 

It is noteworthy that the radiation damage 
found in this survey was limited to the hand 
and nails and is similar to that found in 
dentists by Mohs* and in_ radiological 
workers by Hultberg and his associates.® 
This is not surprising, since in all of these 
groups the fingers are usually brought closest 
to the radiation beam. 


Nail involvement was the most frequent 
finding and the earliest sign of radiation 
damage. The significance of the longitudinal 
ridging or striations of the nails noted in 
10 of the veterinarians is debatable in view 
of Kaufman’s finding of an 8.4% incidence 
of recognizable longitudinal striations of the 
finger nails in a survey of 500 normal 
men.'* However, in some of our cases these 
were associated with other manifestations, 
such as erythema, ulcers, keratoses, and an 
epithelioma suggesting a radiation effect. 
Of significance is one case where ridging of 
the nails was present on the right hand 
only and the latter was used to hold the 
animal under the fluoroscopic screen. Nail 
splitting, however, appears to be a more 
acceptable sign of radiation damage. It is of 
interest that of the 10 with ridging, only 
3 had associated skin findings, whereas in 
the 5 with nail splitting 4 had associated 
skin manifestations. The one case with 
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nail splitting alone was in practice the least 
number of years (12 years). In general, no 
set pattern was noted as to the number or 
location of the nails involved. Similarly, no 
consistent pattern as to the location of the 
ulcers or keratoses was noted, but ulcera- 
tions did appear more frequently about the 
nails and nail beds. 

It is well known that radiation damage is 
insidious in origin, frequently overlooked 
and neglected until the damage is severe 
and troublesome. In our series, 11 veteri- 
narians in practice 10 years or less showed 
no abnormal radiological effects. It is ap- 
preciated that time is only one factor, with 
intensity equally important. 

Abnormal hematological findings have 
been noted especially among radiological 
workers and include such abnormalities as 
leukemia, leukopenia, anemia, and polycy- 
themia.® None of these were found in 
this survey. Leukocyte counts above 11,000 
per cubic millimeter were found in 7, or 
12.2%, of those studied. The significance of 
this finding is debatable, but it is worthy of 
mention for subsequent follow-up. The 
slight eosinophilia noted in 6, or 11.3%, is 
probably explained on the basis of a co- 
existent allergy. 


Control 


Carelessness while performing fluoroscop- 
ic examinations is probably the most im- 
portant factor responsible for progressive 
damage. The following will illustrate care- 
less practices: (1) failure to use leaded 
gloves when holding an animal while tracing 
or locating a foreign body; (2) failure to 
check the time of use of the machine when 
performing fluoroscopy. 

To safeguard against carelessness, a con- 
trol program including both medical and 
environmental phases should be initiated. 
Both are important in the protection of the 
operators as well as others in the area. An 
environmental evaluation should include 
(a) an annual survey of the radiation equip- 
ment to determine the intensity of the pri- 
mary beam and scatter radiation resulting 
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therefrom as well as the efficiency of the 
timing devices; (6) an annual inspection of 
the leaded shields, aprons, and gloves; (c) 
the use of integrators as rate meters and 
dosimeters to calculate the exposure of the 
operator during any single fluoroscopic 
examination and the total weekly exposure. 
It is essential to realize, however, that faulty 
equipment may not always be responsible 
for excessive exposure, and when such ex- 
posure has occurred the operator should look 
into his work habits as well. For example, 
improper dark adaptation before starting a 
fluoroscopic examination will lengthen the 
exposure time necessary for such an examin- 
ation. When an excessive radiation exposure 
has occurred, the recipient should avoid any 
further exposure until sufficient time has 
elapsed to permit further accumulation. The 
present maximum allowable exposure of 0.3 r 
per week has recently been challenged by a 
number of authorities; however, this level 
still remains the most practicable, although 
perhaps not the most desirable. Every effort 
therefore should be made to keep well below 
this dose. 

A medical control program should be 
initiated for all persons coming into contact 
with radiation. Periodic physical examina- 
tions should be instituted, proper clothing 
and protective devices worn, and good work- 
ing habits adopted. Although peripheral 
blood studies should not be relied upon as a 
measure of a safe environment, semiyearly 
blood counts are advisable to detect ab- 
normalities in the peripheral blood. Any 
sign or symptom, no matter how minimal, 
should be cared for immediately. 


Summary 

Fifty-seven veterinarians practicing in 
New York City or lower Westchester and 
employing fluoroscopy were studied for evi- 
dence of radiation injury. The major find- 
ings were limited to the nails and skin of 
the fingers. Nail findings, such as striations 
and splitting, were found in 15, or 26.3%, 
of those studied. Skin manifestations ap- 
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peared in 9, or 15.7%; these included 
erythema, ulcers, keratoses, and epithelioma. 

The significance of nail splitting as an 
early sign of damage is discussed, and the 
occurrence of malignant degeneration com- 
plicating ulcerations or keratoses is demon- 
strated. 

The need of a preventive program com- 
bining medical and environmental phases is 
discussed. In essence, the environmental 
control includes a periodic check on radiation 
equipment; the use of protective devices, 
such as leaded gloves, shields, and aprons, 
and the use of integrators in the form of 
rate meters and dosimeters. Periodic phys- 
ical examinations, proper work habits, ade- 
quate protective clothing, and semiyearly 
blood counts are recommended as medical 
control measures. 


Mr. Charles Shackford obtained the laboratory 
data and photographs. 


80 Centre St. (13). 
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Ever since its inception the Lakeside 
Medical Center, through its medical staff and 
administration, has been deeply interested 
and concerned with community health prob- 
lems. 


The fact that many of the patients who 
come to the Lakeside Medical Center are 
suffering from moderately or far advanced 
stages of preventable or controllable illness 
prompted the staff to think in terms of 
organized facilities in the community that 
could play a part in early disease detection. 

Since most organized insurance programs 
do not, presently, provide for prepaid am- 
bulatory preventive and therapeutic medical 
care, and since official public health programs 
provide only limited types of screening 
examinations (and these on a voluntary 
basis for the most part), it would seem that 
the most effective and expedient method by 
which the benefits of periodic physical ex- 
amination and follow-up can be made avail- 
able to the individual is through his place 
of employment. 


In an attempt to discover what types of 
programs now exist in the Metropolitan 
Detroit area, the Lakeside Medical Center 
undertook a study of sampling of business 
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Programs in the Metropolitan Detroit Area 
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TABLE 1.—Replies Recewed 


firms. Questionnaires were sent to 339 em- 
ployers; 198 were returned. 

Table 1 shows the distribution of the 
questionnaires and the replies received ac- 
cording to the number of employees in each 
plant. 

Table 2 represents the answers to the 
questionnaires according to the size of the 
business firm and the type of health services 
each offers. 

It is interesting to note that while 156 of 
of the 198 employers replying reported pre- 
employment examinations these examina- 
tions displayed a wide range in terms of 
coverage and adequacy. Table 3 represents 
the procedures involved in these examina- 
tions and demonstrates the range in terms 
of inclusiveness. 


Summary and Conclusions 


Of the 339 questionnaires distributed, 
representing firms that employ approxi- 
mately 525,000 persons, 198 (or 60% ) were 
returned. The firms that replied employ 
approximately 195,000 persons. 

Seventy-eight per cent of the employers 
who replied to the questionnaire reported 
preemployment physical examinations. How- 
ever, in a majority of instances, only three 


Size of Plant, No. 
of Employees 


Questionnaires Sent, No. 


52 


* This represents an approximate 60% return of the questionnaires distributed. 
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50—100 9 
Wo 100—300 84 
300—500 66 
500—1,000 87 
1,000—2,000 45 
2,000—3,000 
3,000—5,000 15 
5,000—over 
Total 339 
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TABLE 2.—Types of Health Services Offered 


Size of Plant, No. First Emergency Preemployment Periodic Follow-Up 
of Employees Aid Accident Treatment Examinations 


Employees Executives 


50—100 6 6 3 3 3 
100—300 48 42 30 6 6 
300—500 45 39 39 6 12 
500—1,000 51 48 42 21 27 

1,000—2,000 27 24 21 6 9 
2,000—3,000 6 6 6 6 0 
3,000—5,000 9 9 9 3 6 
5,000—over 6 6 6 0 0 

Total 198 180 156 54 63 


TABLE 3.—Preemployment Examination Procedures * 


Examinations in Which 


Procedure Procedure Was Added, No. Per Cent ft 
Blood Pressure 147 74 
Visual acuity 144 72 
Urinalysis 126 63 
Serologic test M4 42 
Chest x-ray 72 36 
General physical 33 ll 
Hernia 0.5 
Electrocardiogram 6 0.3 
Nose and throat 3 0.1 


* This Table represents the frequencies with which each procedure occurs in preemployment examinations and should not be in 
terpreted as an unduplicated count. 
t Per cent in on the basis of 198 replies. 


NUMBER OF EXAMINATIONS 


Procedures 0 22 44 66 88 110 132 154 176 198 


Blood Pressure 


Visual Acuity 


Urinalysis 


Serology 


Chest X-Ray 


General Physical 


Hernia 


Electrocardiogram 


Nose and Throat 


TABLE 4.—Periodic Follow-Up Examinations 


Responses to the Employee Follow-Up Executive Follow-Up 
Questionnaire, No. Examinations, No. Per Cent Examinations, No. Per Cent 


198 54 27 63 31 


ay 
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of the items listed on the questionnaire 
were included in the examination (urinal- 
ysis, blood pressure, and visual acuity). 
Only 21% of the employers responding 
reported the inclusion of many of the 
standard examination procedures established 
by leaders in the field of industrial medi- 
cine. 


In the over-all picture, on the basis of 
the sampling, fewer than 25% of the em- 
ployees have an examination that meets 
these standards and thus affords adequate 
health protection to the employee and the 
security of this protection to his employer. 

An analysis of the questionnaires showed 
that periodic follow-up examinations are 
provided for supervisory and executive per- 
sonnel more frequently than they are for 
other categories of employees. In many in- 
stances, employers provide preemployment 
examinations for both categories of em- 
ployees but periodic follow-up examinations 
are provided only for the executive and 
supervisory group. In some cases employ- 
ers reported that follow-up examinations 


were done only if the employee had been 
absent from his job for any length of time 


because of 
to work, 


illness and before his return 


Periodic follow-up examinations follow 
the same pattern and are based on the results 
of the initial preemployment examination. 
In all instances where the first examination 


is incomplete, the follow-up is similarly 
lacking. 

The larger firms reported the existence 
of preemployment and follow-up examina- 
tions in a greater percentage of instances 
than the smaller firms. It is reasonable to 
assume that the cost factor enters into this 
situation. 

In the smaller plants, where the employ- 
ment of sufficient full or even part-time 
staff in a medical department would prove 
too expensive, some thought might be given 
to the utilization of existing facilities in the 
community where this service could be con- 
tracted for much more economically. 

By making use of already existing medi- 
cal and clinical facilities, employers could 
develop and maintain preemployment and 
periodic physical evaluation programs that 
would (a) afford adequate health protection 
to the employee and security of this protec- 
tion to the employer and (b) pay dividends 
to the employer in terms of reduced absen- 
teeism and increased production. Further, 
this could be accomplished without involv- 
ing the employer in a large capital outlay 
for diagnostic equipment and without the 
necessity for setting up a medical depart- 
ment and recruiting scarce and expensive 
medical and technical personnel. 


Lakeside Metlical Center, 987 E. Jefferson Ave. 
(7). 
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There remains no doubt that diatomaceous 


earth can produce a reaction in human lungs. 
Smart and Anderson ! in 1952, Vigliani and 
Mottura ? in 1948, and others back to Legge 
and Rosencrantz* in 1932, have demon- 
strated the association between the inhalation 
of this material and the occurrence of pul- 
monary disease. Various workers have 
studied the reaction in the tissues of experi- 
mental animals, from Podwyssozki* (1910) 
to Vorwald et al.® (1949). A monograph 
in preparation by the Public Health Service 
includes a comprehensive bibliography.® 
Yet much uncertainty exists as to the hazard 
introduced by its inhalation, particularly the 
degree of risk associated with the several 
forms which are used in industry. 

Both clinical observations on man and 
animal experiments have led to extremely 
varied descriptions of the disease and its 
lesions. The high proportion of amorphous 
silica in diatomaceous earth has caused it 
to be considered in the light of various 
Workmen’s Compensation Acts pertaining 
to silicosis. Because there are many special 
provisions for the compensation of silicosis 
disabilities, there has been intense interest 
in the question of its identification with that 
disease, and a tendency toward the assump- 
tion that the absence of typical signs of 
nodular pulmonary fibrosis excludes the con- 
sideration of disability from diatomaceous 
earth pneumoconiosis. 

It can be anticipated that much of the 
confusion and misunderstanding will be cor- 
rected when there is widespread knowledge 
about the processes by which diatomite is 
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Experiments on Diatomaceous Earth Pneumoconiosis 
I. Natural Diatomaceous Earth in Guinea Pigs 
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prepared for industrial use and the differ- 
ences which are observable in the processed 
materials. The gathering and processing of 
diatomaceous earth in the United States will 
be described in detail in the forthcoming 
Public Health Service publication. It is suffi- 
cient here to emphasize that it is an industry 
in which the control of dust is difficult and 
that the process produces dusts of estab- 
lished toxicity. 

The amorphous silica of diatomaceous 
earth loses a portion of its chemically bound 
water upon heating and is converted to 
crystalline forms, this transition beginning 
at about 1000 C (ca. 1800 F).* Various 
industrial diatomaceous 
earth are made by calcining the material at 
about this temperature, with considerable 
conversion to the crystalline forms, espe- 
cially cristobalite.’ Cristobalite was reported 
by Gardner to be even more effective than 
quartz in producing nodular silicosis.® 
Vigliani and Pecchiai have confirmed experi- 
mentally the greater toxicity of calcined 
diatomaceous earth as compared with the 
crude material.® 


preparations of 


Diatomite from different sources may 
have different disease potentialities; Smart 
says that that which was laid down from 
fresh waters, even when calcined, is less 
He 
also suggests that particle-size may affect 
the response in a qualitative way. Luton 
et al.” have said that, in addition to the 
zoological nature of the diatoms, attention 
must be given to the purity of the deposit, 
especially the presence of quartz, and the 
kinds of accompanying minerals. 


toxic than that from marine sources.! 


There are few studies in which these 


factors have been reported so that one 
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rarely can tell just what the exposure has 
been. Among the clinical studies, Luton 
et al. seem clearly to have been working 
with diatomite which contained no quartz 
and which was not converted to crystalline 
silica in processing; they observed only 
minor pulmonary changes and concluded 
that diatomite offers less danger of silicosis 
than materials used in other industries, 
where the dust counts are even lower. Others 
who have reported severer clinical reac- 
tions +211 have seen men who were exposed 
to dusts containing crystalline silica. Vigli- 
ani and Mottura? observed more extensive 
reactions to calcined than to crude diatoma- 
ceous earth. 

Most studies of pathology in experimen- 
tally exposed lower animals have also been 
confusing because of failure to specify in 
full the characteristics of the dusts used. 
The exceptions are the work of Vigliani 
and Pecchiai® and of Vorwald,® and even 
in these the results have not been uniform. 
The important question of the influence of 
diatomite upon susceptibility to tuberculosis 
also remains unanswered. 

For these reasons, a systematic survey of 
the effects upon lower animals of various 
diatomaceous earth products would be valu- 
able. The present report deals with the 
effects of natural diatomaceous earth from 
the Santa Barbara, Calif., deposit (Lompoc) 


upon guinea pigs. 


Experimental Study 


Raw Material—The Santa Barbara diato- 
mite is described by Calvert ® and by Luton 
et al.° as being a marine deposit consisting 
mainly of Coscinodiscus and Synedra, 


sponge spicules. Calvert reports that its 
chemical composition is 


Water 5.0% 
Silica 89.3 
Alumina 4.0 
Iron (FesOs) 0.7 
Lime (CaO) 0.4 
Magnesia (MgQ) 0.4 
Miscellaneous 0.2 
100.0 


Our sample was obtained by purchase in 
the open market of the ultimate air-separa- 
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tion product from the bag house after the 
standard cleaning treatment described by 
Hull et al? By chemical analysis, using 
hydrofluoric acid vaporization, it contained 
87.6% silicon dioxide; the loss on ignition 
was 7.6%. By x-ray diffraction there was 
no detectable crystalline silica.** The tech- 
nique used for this analysis has been de- 
scribed by Schmelzer.4* Figure 1 is the 
record of the diffracted beam together with 
similar records for quartz, tridymite, and 
cristobalite. 


Air Dispersion—This material was dis- 
persed as received into the air of an animal 
exposure room by a technique shown in 
Figure 2. A_ high-velocity jet of air is 
directed into a rotating glass drum contain- 
ing paddles to agitate the material. The 
concentrated energy of the jet partially 
breaks up the material into its primary par- 
ticles and carries them out of the drum into 
the exposure room. This procedure over- 
comes part of the strong agglomerating 
tendency of the mineral. 

In order to maintain a reasonably con- 
stant dust feed, the drum was charged at 
weekly intervals with 600 gm. of the raw 
material. Surplus from the previous week’s 
run was weighed out and discarded. During 
nearly a year the calculated maximum rate 
of dust feed was 88 gm. per exposure day, 
the minimum 59 gm. and the average about 
70 gm. The dust feed rate was controlled 
by constant metered air pressure to the jet. 


Animal Ex posures.—The animal exposure 
room, shown in Figure 3, is an interior room 
with dimensions 414 by 7 by 13 ft. Within 
it, a circulating fan maintained a reasonably 
uniform air suspension of particles. Two 
cage racks housed up to 40 guinea pigs 
without crowding. 

Exposure during 40 hours per week, di- 
vided into five equal periods, allowed ade- 
quate time for animal care and was intended 
to simulate potential human exposure. The 
room was continuously ventilated at the rate 


*X-ray diffraction by W. C. Thielen, Bureau 
of Adult Health, California State Health Depart- 
ment, Berkeley. 
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Fig. 1A—X-ray diffraction recordings of two silica mineral varieties: natural diav- 
maceous earth (lower) and quartz (upper). In Figures 1A and 1B note complete absence 
for the natural diatomaceous earth pattern between 21 and 30 degree angular diffraction 
of the peaks characteristic of quartz, tridymite, or cristobalite. 


of about 60 cfm by a small centrifugal fan. 
Filtered make-up air came from a laboratory 
in which there was very little use of chem- 
icals. Each week, the location of the two 
cage racks was interchanged in order to 
minimize the possibility of the preferential 
exposure of any of the animals by proximity 
to the dust source or the fresh air supply. 

The animals were about 4 months old, 
apparently in good health, and weighed be- 
tween 400 and 500 gm. at the beginning of 
their exposure. Their weight was checked 
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periodically. They were cared for and fed 
daily, receiving standard rations of Rabbit 
Chow with supplements of carrots and leafy 
vegetables. 

For the first nine weeks, the dust feed 
was set at about 190 gm. per day. Midget 
impinger samples during that period indi- 
cated dust concentrations between 300,000,- 
000 and 400,000,000 particles per cubic foot 
or air by standard light field counting tech- 
nique. Since it was felt that dust counts 
were not an adequate or feasible method of 
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Fig. 1B.—X-ray diffraction recordings of two additional silica mineral varieties: tridy- 


mite (lower) and cristobalite (upper). 


monitoring the concentration of this ma- 
terial, the practice of obtaining a day-long 
filtered sample and determining the weight 
concentration was inaugurated. During the 
nine weeks, 11 such samples indicated an 
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average concentration of 124 mg. per cubic 
meter of air with a range from 112 to 149 
mg. per cubic meter. For the most part, 
these samples were obtained within the 
cages, where the dust concentration was 
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Fig. 2.—Dust-dispersing mechanism outside ex- 
posure room. 


slightly lower than in the room air outside 
the cages. 


A less concentrated dust exposure was 
begun after nine weeks. Thirteen of thirty- 
two animals had died in the first two months. 
Several of these had thick-walled caseous 
abscesses in the lungs, and all showed evi- 
dences of acute infectious processes, either 
pneumonia, pericarditis, or empyema. Em- 
pirically, the rate of dust feed was reduced 
to and continued at about 70 gm. per day. 
In these circumstances the dust concentra- 
tion, as measured by 20 filter samples, aver- 
aged 60 mg. per cubic meter, with a range 
from 44 to 74 mg. per cubic meter. 

The reason for not relying on dust counts 
for checking the exposure is that water is 
an excellent medium for dispersing clumps 
of diatomaceous earth. Since we are certain 
from electron micrography that there are 
clumps in the air-borne material, we feel 
assured that dust determinations by im- 
pingement and counting must show higher 
particulate concentrations than actually exist. 
The same consideration leads to our distrust 
of attempting particle-size distribution meas- 
urements by any method which requires 
wetting the particles. 


Particle Inhalation.—In an attempt to de- 


fine particle size, samples for electron 
microscopy were obtained by allowing dusty 
air from the exposure room, trapped in a 
container of 18 in. depth, to settle onto 


appropriate mounts. Sedimentation was 
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Fig. 3.—Interior of animal exposure room. 


allowed to continue for 48 hours in undis- 
turbed, relatively isothermal conditions. 
Figure 4 shows several selected areas of 
such mounts. These were chosen to indicate 
not only the clumping which occurs but also 
the extreme irregularity of particle shape 
and surface. It is our feeling that no single 
method of particle size determination will 
adequately define the size of the air-borne 
material for biologic purposes. 

It is evident that there are many primary 
particles smaller than 54. The smallest par- 
ticle diameter observed was about 0.1p and 
the largest clump 50u. There were a large 
number of individual particles of lu to 2u 
maximum linear dimension. 

There is no question that the animals 
inhaled and retained significant amounts of 
the suspended material. This has been dem- 
onstrated by total silica determinations on 
the lung tissue of nine animals that died 
or were killed at intervals. Formaldehyde- 
fixed lungs were freed of grossly detectable 
lymph nodes and mediastinal structures, 
and, after small blocks for microscopic ex- 
aminations were taken, the tissue was 
washed thoroughly with distilled water and 
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Fig. 4.—Electron micrographs of diatomaceous 


cut into small pieces. These were dried at 
about 200 F for 72 hours, weighed, and then 
wet-ashed. The ash was ignited, and the 
loss in weight was considered to be SiOz. 
By this procedure the silica content of the 
lungs as shown in the Table was observed 
to increase progressively with exposure 
from less than 0.1% to nearly 3.0%. 


Pathology.—Thirty-nine animals were ex- 
posed to the dust for periods of 1 to 50 


weeks. Gross examinations were made of 
all of these, and also of three unexposed 


animals of similar age from the same 
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colony. Microscopic examinations of 31 of 
these were done, regularly including the 
lungs, liver, and spleen, and various other 
organs in a number of instances. Eighteen 
dusted animals died early in the experiment, 
mostly within four weeks, with signs of 
pneumonia and pericarditis. It is unknown 
whether the dust contributed to this. 
Except for those which developed acute 
infectious processes, the animals thrived 
under this exposure. There was no external 
evidence to suggest that pulmonary damage 
was taking place. However, animals killed 
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Silica Content of Lungs by Duration of Exposure 
to Natural Diatomaceous Earth 


Duration of Exposure, Silica, per Cent 
Weeks in Dry Tissue * 

0 0.1 

1 0.0 

4 0.8 

13 0.7 

27 

37 1.7 

40 3.0 

46 2.0 

50 2.7 


* One animal per determination. 


after exposures of 37 to 50 weeks showed 
extensive gross and microscopic changes. 
Microscopic changes in the lung consisted 
of thickening of the alveolar septa by infil- 
tration of macrophages, accumulation of 
large numbers of multinuclear cells with dust 
particles, and epithelization of the alveoli. 
The dust particles in the phagocytes looked 
like the diatomaceous earth particles fed 
into the dusting chamber. The thickening 
of the alveolar walls was most pronounced 
about the branching of the respiratory bron- 
chioles. Typical appearances are shown in 


Fig. 5.—Lung from animal exposed 42 weeks. 
A cluster of dust-laden cells in the region of a 
respiratory bronchiole is present in the right lower 
portion. Reduced about 9% from mag. X 100 


LPP 
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the accompanying photomicrographs (Figs. 
5 to 8). 

Animals which died after shorter periods 
showed microscopic patterns suggestive of 
beginning dust lesions, but these were 
clouded over by infectious processes. Mac- 
rophages and multinuclear cells filled with 
dust were clearly recognizable after five 
weeks. 


Lung fibrosis was strikingly absent in all 
of these animals. Special stains showed a 
very slight amount of reticulum fibers, as 
may be seen in Figure 7. Similarly there 
was no significant increase in collagen fibers. 


Striking effects upon the peribronchial 
lymph nodes were observed. After as little 
as 16 weeks of exposure to the dusty atmos- 
phere, there began to be invasion of the 
lymph nodes by lighter-staining dust-laden 
cells. In the animals exposed 37 to 42 
weeks, nearly complete replacement of some 
lymph nodes had occurred. In some of 


Fig. 6.—Lung, 42-week exposure. Large, dust- 
laden macrophages are present in the lumen of an 
air space. The alveolar walls contain similar cells. 
Extension of bronchial epithelium into alveoli is 
shown at the upper center. Reduced about 11% 
from mag. X 350. 
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Fig. 7—Lung, 37-week exposure. A reticulum- 
stained section showing very slight formation of 
dense black reticulum fibrils, although there is 
pronounced thickening of the alveolar walls by 
dust-laden macrophages. Reduced about 9% from 
mag. X 350. 


these latter animals, gross enlargement of 
the lymph nodes at the lung roots up to a 
diameter of 15 mm. had taken place. 


Microscopic changes similar to those seen 
in the lymph nodes occurred in the spleen, 
but there was no conspicuous gross enlarge- 
ment of that organ. 


Other organs, such as the liver, kidneys, 
intestines, esophagus, and trachea, showed 
no gross abnormalities, and the microscopic 
sections made from a few of them appear 
normal. 


Summary 


By the use of an air jet directed against 
an inside end of a rotating cylinder to 
break up clumps, it is possible to achieve the 
suspension in air of fine natural diatoma- 
ceous earth particles. Guinea pigs were 
exposed 40 hours per week to such an at- 
mosphere for periods ranging up to 50 
weeks. Effective introduction of dust into 
the lungs was shown by chemical analysis: 
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g. 8—Lymph node, 42-week exposure. The 
lymphoid tissue has been replaced by dust-laden 
cells, except for a few cortical follicles. Reduced 
about 11% from mag. X 100. 


The silica content increased progressively 
from less than 0.1% to almost 3% on a 
dry-weight basis. 

High mortality from pericarditis and 
pneumonia was observed in the first eight 
weeks; it was uncertain whether this was 
attributable to dust exposure. Animals 
killed after surviving 37 to 50 weeks had 
shown continued weight gains and appeared 
vigorous and healthy. 

Infiltration of the alveoli by macrophages 
and multinuclear cells filled with dust was 
recognizable microscopically after only five 
weeks of exposure. Gross hilar lymphad- 
enopathy was evident after 37 weeks of 
exposure. Changes in the lung were not 
grossly visible, but microscopic examination 
showed dense infiltration of the alveolar 
septa by macrophages, numerous multinu- 
clear cells filled with dust particles, and 
epithelization of the alveoli. The peribron- 
chial and hilar lymph nodes and spleen 
showed extensive infiltration of dust-laden 
macrophages. 
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There was no connective tissue prolifera- 
tion in these lesions. 

Dr. William H. Carnes, formerly Professor of 
Pathology, Stanford University School of Medi- 
cine, now of the University of Utah, gave advice 
and assistance in this study. 

University of California School of 
Health, Berkeley 4. 
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Diagnosis and Treatment of Manganese Intoxication 


Report of a Case 


RAFAEL PENALVER, M.D., Havana, Cuba 


Manganese poisoning has been found to 
be a progressive disease. In the severe case 
reported herewith, a miner displayed paral- 
ysis and tremors. Treatment with edathamil 
calcium disodium (Calcium Disodium Ver- 
senate) was followed by very marked im- 
provement. 


Report of Case 


Occupational History.—In 1940 a white Cuban, 
aged 32, living with his wife and four children, 
suffered exposure to MnCz» for the first time. He 
was at this time an underground worker at a mine 
located in the eastern province of the island, where 
he stayed 18 months. He had no further exposure 
until 1952, when he returned to the same mine as a 
rock driller. He drilled 8 tc 10 hours a day, seven 
days a week. He drilled dry without dust collec- 
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Fig. 1A.—Patient before treatment. 


tion or personal protective equipment. Numerous 
cases of manganese poisoning are known at that 
mine.** 


Onset of Present Illness—He was referred by 
his wife, because of his mental and speech dis- 
turbances. After exposure to MnOz from 1952 
to 1955, two and one-half years, psychological 
manifestations were noted. There was psychomotor 
irritability leading to impulsive acts such as a 
strong desire to walk. He was very aggressive 
and once tried to kill his wife. He was bothered 
by absent-mindedness. 


In the next months the following symptoms 
appeared: (a) weakness of the legs, and later 
paraplegia; (b) sexual impotence; (c) speech dis- 
turbances—he was unable to speak a word; (d) 
mask-like facies (Fig. 1A)—no movement of the 
eyelids, disturbance of the muscles of the eyes, 
difficulty in whistling; (e¢) torticollis; (f) the 
sensitivity of the lower extremities was limited to 
a zone of 2 in. down from the inguinal region— 
he suffered an electric burn without pain; (g) 
patellar hyperreflexia; (h) tremors, particularly 
in the tongue and legs; (1) cervical and abdominal 
pain; (j) contraction of the abdominal muscles, 
spasms that rapidly disappeared; (k) at times the 
skin turned red and because of sensation of heat 


Fig. 1B.—Patient after treatment. 
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MANGANESE INTOXICATION 


Feenenéen Coste. 
B 11-1956 


Fig. 2.—A, micrographia in January, 1956. B, 
normal handwriting on recovery, November, 1956. 


he would resist any clothes; (/) restless sleep; 
(m) micrographia (Fig. 2). 


Treatment 


Garcia Avila and Pefialver,' in 1953, pub- 
lished a preliminary report on manganese 
poisoning in Cuba, mentioning that a new 
drug was going to be used. In 1954, Rodier, 
Mallet, and Rodi* published an article on 
the same subject. In the 1954 Ramazzini 
Oration, the author said’: “With the purpose 
of trying to ‘stop’ the progressive manifes- 
tations, we administered CaEDTA (calcium 
diethylenediaminetetraacetic acid) to a num- 
ber of cases of manganism but we are not 
enthusiastic about the results.” The drug 
was administered in limited quantities, and 
it was not possible to follow the cases. Dr. 
A. J. Boyle,* Professor of Chemistry, 
Wayne State University, Detroit, was con- 
ducting experiments with rats intoxicated 
by manganese with the same treatment, with- 
out either of us knowing what the other 
was doing. As suggested by the German 
Prof. E. W. Baader and his associate 
Professor Ehrhardt,®® the patient reported 
here also received caramiphen hydrochloride 
(Panparnit), as well as an intravenous vita- 
min C preparation (Natrascorb) and me- 
phenesin (Tolserol). 


Response to Treatment.—It is the experi- 
ence of many authors, as well as my own, 


Perialver 


that manganese poisoning is a progressive 
disease, although the victim is removed from 
the exposure. This case was following this 
rule until treatment was instituted. The 
case that I am reporting is the most serious 
that I have seen. It is unusual that in just 
one year so many different and advanced 
symptoms developed. Dr. Baader and Dr. 
Ehrhardt reported that it takes a long time 
to notice improvement when administering 
caramiphen hydrochloride. I understand 
that edathamil calcium disodium was the 
drug responsible for such a rapid recovery. 
Four weeks after starting the treatment, the 
patient was able to walk a few steps and 
other symptoms improved similarly. 

At the present time, November, 1956 
(11 months after he was hospitalized), 
after receiving compensation from the insur- 
ance company, he is working as a gardener 
and washing automobiles. An invalid just a 
year ago, he is now able to maintain his 
family (Fig. 1B). 

We are planning a program with the fol- 
lowing purposes: (a) early diagnosis, (6) 
treatment, and (c) differential diagnosis, 
especially from malingering. It is necessary 
to develop laboratory techniques and to have 
the facilities for determining manganese 
concentration in the body fluids. In the 
event that the excellent response here ob- 
served is repeated in other patients, we hope 
to improve this therapy. We must also de- 
termine the relation between the response 
to this treatment and the stage of the dis- 
ease. Dr. Carey P. McCord, of Ann Arbor, 
and Dr. A. J. Boyle, of Detroit, will have 
the responsibility of the laboratory investi- 
gations. Dr. Francisco Lancis, of Havana, 
and I will take care of the clinical aspects. 


Summary 


A case of a miner with severe manganese 
intoxication is presented. Before treatment 
was instituted, the patient displayed paraly- 
sis of the lower extremities, mask-like facies, 
tremors, mental disturbances, and torticollis. 

He received edathamil calcium disodium, 
caramiphen, mephenesin, and a vitamin C 
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preparation, with almost complete recovery. 


A program is suggested to help establish 
early diagnosis, treatment, and differential 
diagnusis of manganese poisoning. 

2-605, Vedado. 
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Electrification 


Denmark 


Introduction 


In the course of time reports have been 
given of a considerable number of accidents 
in industrial plants, laboratories, and hos- 
pital operating rooms due to the ignition of 
explosive gaseous mixtures by sparks caused 
by static electricity. 

As work on the determination of fat- 
soluble vitamins performed in The National 
Vitamin Laboratory involves the use of light 
petroleum (b. p. 40-60 C) and ethyl ether 
(b. p. 35 C) for extraction and chromatog- 
raphy, it must be considered probable that 
explosive mixtures of atmospheric air and 
organic solvent vapors will occur now and 
then in spite of good ventilation at all work 
benches, fume cupboards, ete. 

In view of these circumstances, a request 
was submitted in the spring of 1954 by the 
Chief of The National Vitamin Laboratory, 
E. Uhl, M.D., to Prof. R. E. H. Rasmussen, 
Ph.D., Chief of the Laboratory of Technical 
Physics of the Technical University of Den- 
mark, asking the latter laboratory to conduct 
an investigation on the working conditions 
in the National Vitamin Laboratory, the 
aim of the investigation to be the discussion 
of precautions which might be taken to 
eliminate hazards due to static electricity. 

A description will be given of the experi- 
ments made and the results obtained. 

The greater part of the work of determin- 
ing fat-soluble vitamins is carried out in 
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The National Vitamin Laboratory (Mr. Barn- 
holdt) and the Technical University of Denmark 
(Prof. Rasmussen). 


Measurement of Leakage Resistances and Static 


An Investigation Performed in The National Vitamin Laboratory, Copenhagen, 


BENT BARNHOLDT, M.S., and R. E. H. RASMUSSEN, Ph.D., Copenhagen, Denmark 


two rooms, one on the first floor, in which 
extraction, filtration, distillation, etc., take 
place, and another in the basement, in which 
chromatography is performed. 

In the room on the first floor there are 
a number of fume cupboards with openings 
for ventilation in the wall—these are used 
for distillation—and a number of cupboards 
in which gratings are fitted in the bench 
tops, allowing for ventilation during extrac- 
tion processes, etc. In the chromatography 
laboratory ventilation is likewise effected 
through a grating in the bench top for every 
work space. To replace the air drawn out 
through the gratings, fresh air is blown into 
the room, if necessary after being heated, 
but so far humidification has not been ap- 
plied. All electrical appliances in these 
rooms are of course explosion-proof, and 
all heating for purposes of distillation, 
saponification, etc., takes place on steam- 
heated water baths. In the extraction labor- 
atory the floor has hitherto been covered 
with linoleum (two different types, in the 
following denoted by a and b), while the 
basement room has terrazzo flooring. 

The first measurements were made in 
May, 1954, during a period of mostly clear 
and warm weather. As the laboratory per- 
sonnel was of the opinion that inconvenient 
electrostatic phenomena (“electric shocks” 
when touching grounded metallic objects 
with simultaneous occurrence of sparks) 
were generally less frequent during summer 
than during winter, the experiments were 
continued during the period of January to 
April, 1955. It may be added that so far 
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ignition due to the presence of static elec- 
tricity has never occurred in the laboratory. 


The investigations made comprise deter- 
minations of leakage resistance of labora- 
tory personnel, floors, and certain technical 
apparatus (as for instance steam valves) 
and also a number of experiments on elec- 
trostatic charging of persons under varying 
conditions, particularly with regard to foot- 
wear and degree of humidity. 


I. Measurements of Leakage Resistance 


A. Leakage Resistance of Floors.—¥or 
the purpose of these measurements a meg- 
ohm meter was used, with a measuring 
range of 0.01-50 MQ (megohms). The 
electrodes used were two thin copper sheets 
(about 45X45 mm.), each loaded with an 
iron block weighing about 1 kg. Between 
electrode and iron block a thin rubber sheet 
was placed. Since the megohm meter used 
generates a D.C. voltage of about 500 volts, 
the influence of polarization phenomena in 
the object to be measured on the results 
of the measurements will be negligible, while 
the application of an ohmmeter with low 
D.C. voltage might yield highly erroneous 
results. 


The measurements performed in the 
course of January, 1955, have been sum- 
marized in the Table. 


The following comments should be made 
in connection with the Table. Connection 
to “ground” (in measurements between elec- 
trode and ground) was established by con- 
necting one pole of the megohm meter to a 
water pipe. The description “dry floor” re- 
fers to the condition of the floor several 
hours after washing. If not only the floor 
under the electrodes but the whole area of 
floor between the electrodes is covered with 
a continuous film of water, the measured 
resistances will fall to about 0.05 MQ in the 
case of linoleum a and to about 0.1 MQ in 
the case of linoleum b (the distance between 
the electrodes being 0.5-1.0 m.). 

Finally, an experiment was made to de- 
termine the duration of the period through 
which linoleum flooring retained its conduc- 
tivity after being wetted. An area of about 
0.5 sq.m. was moistened thoroughly, and 
the resistance between “ground” and an 
electrode placed centrally in the area was 
determined and found to be 0.06 MQ. After 
an interval of 15 minutes the electrode was 
again placed at this point, and a resistance 


Leakage Resistance of Floors 


Humidity 
and Temp. 
of Air 


Linoleum a, dry 
1/12/55 


Linoleum dry 


1/12/55 


Linoleum 5, wetted under electrodes 


Terrazzo, dry 
1/18/55 


| Terrazzo, wetted under electrodes 


Object to Be Measured 


Linoleum a, wetted under electrodes 


Resistance, 
MQ 


m 

{ Electrode-electrode 0 

} Electrode-electrode 
Electrode-electrode 
Electrode-ground 


{ Electrode-electrode 
Electrode-electrode 
| Electrode-ground 


{ Electrode-electrode 
} Electrode-electrode 


Electrode-electrode 
{ Electrode-ground 


{ Electrode-electrode 
Electrode-electrode 
\ Electrode-ground 


{ Electrode-electrode 
Electrode-electrode 
| Electrode-ground 


Electrode-electrode 

Electrode-electrode 

Electrode-electrode 
{ Electrode-ground 
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4 be Date 
>50 
>50 
>50 
50 
24.5 C 
0.5 0.03-0.04 
0.1-10 

| 1.0 >50 
0.3 >50 
0.1 >50 
25% 350 
24.5 C 
| 1.0 >50 

0.5 >50 

>50 
0.2 >About 25 
0.1 >About 20 
10-30 
2 C 
1.0 About 0.2 
0.5 About 0.2 

Ce 0.2 About 0.2 
0.2-0.5 
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of 1.5 MQ was measured. After a period 
of one hour the result was >50 MQ. 

A number of measurements correspond- 
ing to those represented in the Table (but 
on dry floors only) had been made in May, 
1954; the results obtained did not differ 
essentially from those of the Table. 

Since a knowledge of the leakage resis- 
tance of the metallic gratings in the bench 
tops through which the inflammable vapors 
are removed must also be deemed to be of 
importance to the evaluation of the possi- 
bility of spark production (the production 
of an electrical spark of considerable energy 
generally depends on the discharge taking 
place to a conductor [metal] which is con- 
nected to ground through a small resistance ), 
these resistances were likewise measured by 
means of a megohm meter. The resistances 
measured varied from about 4 MQ to 50 
MQ. When water had been spilled on the 
tables a low-resistance bonding to ground 
was sometimes established. 

By means of the megohm meter it was 
also ascertained that appliances, as for 
instance steam valves, were effectively 
grounded. 

The main results were the following: The 
linoleum-covered floors have, when dry, and 
in the case of linoleum 6 also when moist, 
a high power of insulation, while the leak- 
age resistance of terrazzo flooring, even dur- 


ing the dry winter period, did not exceed 
about 20-30 MQ. 


B. The Capacitance and Leakage Resis- 
tances of Personnel—Since the possible 
accumulation of charges on persons depends 
not only on the power of insulation of the 
floors but to an equal extent on the elec- 
trical properties of the footwear used, a 
number of measurements of leakage resis- 
tance were made for the persons working 
in the laboratory. 

For the purpose of measuring these fairly 
high resistances a Braun electrometer, meas- 
uring range 300-3500 volts, capacity (Cem) 
about 7uF (micromicrofarad) was used. 

Method: The electrometer casing was grounded, 
and a fixed condenser Ci (Fig. 1; in most of the 
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Figure 1 


experiments, =500uuF) was arranged in parallel 
with the electrometer. By means of a small high- 
voltage generator (6000 volts) and a_ potential 
divider of about 25 MQ a potential of Vo volts was 
applied to electrometer and condenser C;. The 
person whose capacitance Cx and leakage resistance 
Rx are to be measured briefly touches the cap 
(the insulated terminal) of the electrometer (after 
having been temporarily grounded). This causes 
the electrometer potential to fall to V: volts. 


One then has 1), It may 


be mentioned that in the case of a standing person 
wearing shoes with leather soles the capacitance 
was found to be about 300uuF; in the case of a 
standing person wearing rubber soles (thicker 
than the leather soles) a capacitance of about 
200uuF was found, and for the person sitting 
on a stool with both feet on the cross piece it was 
about 75ypF. 

To determine the leakage resistance Rx the 
following procedure was used: While the subject 
retains his hold on the electrometer cap, electrom- 
eter (Ceim)+condenser (Ci)-+subject (Cx) are 
charged to a potential Vi’, which is read from the 
electrometer. The connection between potential 
divider and electrometer is removed, and the 
period, ¢ seconds, which elapses from this zero 
point to the time at which a certain lower poten- 
tial, V2’, is read from the electrometer is observed. 
If the electrometer and the condenser C; are com- 
pletely insulated, one obtains the resistance Rx,o 
from the following equation: 


t 1 
Vy 
In 


If it is not warrantable to neglect defects in 
the insulation of electrometer and condenser C., 
the total leakage resistance Ro of the latter may 
be determined by measuring the period, ¢ seconds, 
required for the potential to drop from Vy’ to 
V.’ for this system separately, and one then has 
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Cit+Corm In \ 

The above magnitude Rx» may then be con- 
sidered the resultant resistance obtained by combin- 


ing in parallel the two resistances Ro and Rx, 
i.e., Rx may be found from 


Ro—R:,o 

The experiments comprised six subjects, of 
which equally many had footwear with leather 
soles and with rubber soles. 

During the measurements the subjects wore ordi- 
nary white coats (cotton), as they did during the 
daily work in the laboratory. 

Measurements 
standing 


were made with subjects in 
position as well as while sitting on 
ordinary beechwood laboratory stools, and in the 
latter case both when the person had his feet 
on the floor and when they were on a cross piece 
on the stool. Measurements were further made 
on the two different linoleum floorings and on the 
terrazzo floor. The leakage resistance of the stool 
itself was also determined; the stool was placed 
on a grounded sheet of galvanized iron and loaded 
with an iron block, the weight of which was about 
50 kg. These measurements were made at a humid- 
ity of the air of 25%-29%, temperature 22-23 C 
(January, 1955). Finally, the influence of the 
humidity of the air on the leakage resistance of 
subjects and stools was determined (during 


Fig. 2.—Leakage resistance of persons wearing 
leather- or rubber-soled shoes. The measurements 
were made at a degree of humidity of 25%-29% 
and at a temperature of 22-23 C and comprise 
resistance measurements on both linoleum floorings 
(a and b) and on the terrazzo floor (t) and with 
ihe person in standing position as well as when 
sitting on a wooden stool with both feet on the 
cross piece. 


@ wooden 
Of par standing seth 
‘Shee muteria(: Leather Rubber leather Rubber 
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February-March, 1955) by measuring at a degree 
of humidity of 19% and a temperature of 21 C 
(February, 1955) and also at a higher degree 
of humidity (70%-75%, 24 C) produced artificially 
and maintained throughout a few days. 


This experimental series was performed in a 
room in which the floor was covered with linoleum 
a. 


All Cx and Rx values given are mean values 
of three measurements. 

A number of the measurements made are repre- 
sented graphically in Figures 2 and 3. 

Figure 2 illustrates the leakage resistance 
of persons standing on the floor or sitting 
on a wooden stool with both feet on the 
cross piece. (The results obtained with the 
subject sitting on a stool and with both feet 
on the floor were generally found to be 
between those found for standing persons 
and those for sitting persons with both feet 
on the cross piece.) Measurements were 
made on both types of linoleum (a and b) 
and on the terrazzo floor (t). Each series 
of measurements deals with two or three 
persons, and the result is illustrated in the 
drawing by a vertical line connecting maxi- 
mum and minimum resistance values found 
for the persons of the group in question. 
In the course of the measurements, which 
were generally made by means of the Braun 
electrometer already mentioned, the time re- 
quired for the potential to fall from about 
2000 volts to about 1000 volts was usually 
determined. For values of C;=500upnF and 
C,=200pnuF this corresponds to observed 
times of less than one second when the leak- 
age resistance is less than about 2X 10°Q. 
Corresponding to maximum leakage resis- 
tance measured, i. e., 10'79 or more, the 
persons were able to retain an electrical 
charge for several minutes. 


Figure 3 illustrates the influence of the 
humidity of the air on the leakage resistance 
of some of the persons (i. e., the two per- 
sons, one wearing rubber soles and one 
leather soles, who by the preceding meas- 
urements had been shown to exhibit maxi- 
mum resistance) when seated on _ the 
beechwood stool. The figure lists not only 
the measurements made on March 28, 1955 
(humidity 18%), and on March 1-3, 1955 
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Fig. 3.—Leakage resistances measured at dif- 
ferent degrees of humidity (temperature 21-24 C) 
of a wooden stool and of two persons wearing 
rubber soles and leather soles, respectively. The 
measurements were made on linoleum floor (a). 
Open circle, person wearing rubber soles, standing 
position; open circle with cross bar, person wear- 
ing rubber soles, sitting on a wooden stool, both 
feet on the cross piece; black dot, person wearing 
leather soles, standing position; black dot with 
cross bar, person wearing leather soles, sitting on 
a wooden stool, both feet on the cross piece; X, 
wooden stool, loaded with 50 kg. iron block and 
placed on a grounded metal sheet. 


(humidity 70%-75%), but also the results 
of the measurements made on May 16, 1955 
(humidity 49%-50% ). The temperature of 
the air has been approximately the same in 
all these experimental series, i. e., 21-24 C. 


The main results are as follows: Rubber 
soles may provide very high resistances, and 
their conductivity will on the whole be much 
lower than that of leather soles, although 
highly varying results are met with within 
both groups of footwear. 

The high resistance of an ordinary beech- 
wood stool, about 102 at a humidity of 
about 20% and about 0.2100 at a hu- 
midity of about 50%, is also remarkable. 

In the case both of standing and of sit- 
ting persons the resistance will decrease 
considerably with increasing humidity of the 
air. Even at a degree of humidity of about 
70% -75% rubber soles may provide a fairly 
high leakage resistance (about 0.3 10"Q). 


Barnholdt—Rasmussen 


II. Measurements of Electrostatic 
Charges Developed on Persons 


The essential factor in the hazard is the 
electrostatic charges which may accumulate 
and the sparks which may consequently 
arise. A number of experiments have there- 
fore been made, the first object of which 
was to find out in which way persons work- 
ing in the laboratory acquire charges of 
static electricity, while in the second an 
elucidation is attempted of the relationship 
between the charge (i. e., the charge poten- 
tial and the consequent electrostatic energy ) 
and various conditions, particularly the type 
of shoes (rubber or leather soles) worn and 
the humidity of the air. 


A. Charging Methods.—A brief account 
will be given of the results of experiments 
made on Jan. 19 and 20, 1955, according to 
different methods for the development of 
electrostatic charges on persons, at a hu- 
midity of 23%-25% and a temperature of 
about 23 C. For the measurements the 
Braun electrometer already mentioned was 
used and, as in the case of previous meas- 
urements, the six subjects wore white labor- 
atory coats of cotton. The stool used for 
charging Methods 2, 3a, and 3b was of the 
type already described, beechwood with clear 
varnish. The number of charging experi- 
ments made with each subject and each 
method was usually about 10, and the ex- 
periments were made on both of the two 
linoleum floors (@ and 6) and on the ter- 
razzo floor (ft). 

MetHop 1.—The subject walked past the elec- 
trometer, the case of which was grounded, touching 
the electrometer cap for a moment. The deflec- 
tion, if any, was read, and the charge was removed 
from electrometer and subject after each experi- 
ment by grounding. 

In the case of persons with leather soles 
electrometer deflections were never produced 
in these experiments, while in the case of 
persons with rubber soles potentials of up to 
a few thousand volts were now and then 
observed, when the experiment was made 
on a linoleum floor. On the terrazzo floor 
a few charges with maximum values of a 
few hundred volts were observed. 
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MernHop 2.—The subject sat on a wooden stool, 
he placed his feet on the cross piece, and during 
this movement he touched the electrometer cap 
briefly. After each experiment charges were re- 
moved from electrometer and subject by grounding. 

This method also did not result in any 
demonstrable charging of subjects wearing 
leather soles, while in a number of cases 
subjects wearing rubber soles proved to have 
acquired charges of up to a few thousand 
volts. 


MernHop 3a.—The subject sat down on a wooden 
stool with his feet on the floor; any electrical 
charges were removed by temporarily grounding 
the subject. He rose quickly from the stool and 
when in a standing position touched the electrom- 
eter cap. After each experiment any charges 
were removed from subject and electrometer by 
grounding. 

MetuHop 3b.—As Method 3a, the only difference 
being that before getting up the subject turned 
round once on the stool. 


In all the experiments made according to 
Methods 3a and 3b considerable charges 
were demonstrated in the case of subjects 
who wore rubber soles. Potentials of 2000- 
4000 volts were frequently ascertained, the 
greatest charges being produced by Method 
3b (by the clothes rubbing on the stool). 
Potentials obtained in experiments made on 
the terrazzo floor were not markedly lower 
than those obtained on linoleum floors. With 
regard to the subjects wearing leather-soled 
shoes, potentials up to about 1000 volts 
were measured in some cases, maximum 
results being obtained in experiments ac- 
cording to Method 3b and on linoleum- 
covered floors. 

In connection with the experiments 
according to Methods 1, 2, 3a, and 3b it 
was also ascertained that handling of plastic 
packing material (the laboratory receives a 
certain amount of samples in polyethylene 
bags) might result in the building. up of 
charges on a person wearing rubber-soled 
shoes. Usually, however, the voltages ac- 
quired did not exceed a few hundred volts. 

In some cases the flow of gas from a 
cylinder containing compressed gas may 
cause a charge to build up on the cylinder. 
As a flow of nitrogen from a nitrogen cyl- 
inder (placed on a linoleum-covered floor) 
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is sometimes used in the laboratory as an 
aid in a distillation process, the possibility 
that charges of this type might accumulate 
has also been taken into consideration. In 
the course of the present investigation it 
has not been possible, however, to demon- 
strate the formation of charges of this 
nature. 


B. The Influence of the Humidity of the 
Air on the Accumulation of Static Charges. 


Experiments were made with the aim of 
determining the influence exerted by the 
humidity of the air on the building up of 
charges on persons by means of charging 
experiments made at different degrees of 
humidity (the humidity varied from 18% 
to 70%-75%, as in the experiments on the 
measurement of leakage resistance (Section 
IB). 

Figures 4 and 5 show graphical represen- 
tations of a number of experiments made 
(on floors covered with linoleum a) accord- 
ing to Method 3b, with degrees of humidity 
of 18% and 70%-72%. Symbols O and X 
refer to two persons both wearing shoes 
with rubber soles, while the symbol A refers 
to a person wearing shoes with leather soles 
(viz., the person, among those with leather- 
soled shoes, who had produced maximum 
potentials in the charging experiments ). 

Figure 6 illustrates graphically a number 
of the measurements made at different de- 
grees of humidity (on linoleum floor a) 
according to Method 3b, since, in the experi- 
ments already described, this method had 
proved to give the greatest charges and at 
the same time the most “constant” results 
for each individual person within an experi- 
mental series (about 10 charging expert- 
ments). Between the points representing 
maximum and minimum potentials measured 
in each experimental series vertical lines 
have been drawn in the graphical representa- 
tion, and on the vertical lines the average 
values of the potentials obtained in the 
experimental series concerned have been 
marked. The Figure illustrates the results 
obtained from measurements with the two 
subjects (one with rubber-soled shoes and 
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Fig. 4—Electrostatic charging of subjects wearing leather—or rubber-soled shoes de- 
termined according to Method 3b on linoleum-covered floor at humidity of 18%. Symbols 
xX, O, and A refer to three different subjects. 


one with leather-soled shoes) who in the 
previous measurements of leakage resis- 
tances had been found to yield maximum 
results. 

In addition to the potentials yielded in the 
charging experiments, Figures 4-6 also illus- 
trate the corresponding electrostatic energies 
(%CV?*) in microjoules («J) for the capac- 
itances and 300upF (difference of 
standing persons wearing rubber- or leather- 
soled shoes, respectively). The question of 
whether an electric spark is able to ignite 
an explosive gaseous mixture depends not 
only on the composition of the gaseous mix- 
ture but also on the energy of the spark. 
Guest et al.’ have described systematic in- 
vestigations of the ignition of explosive 
gaseous mixtures by means of electric 
sparks, and one of their results was that 
ethyl ether vapor in atmospheric air is most 
readily ignited when the concentration is 
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6%-7% by volume; in this case minimum 
energy required for ignition is about 200,J, 
while in the case of lower and higher con- 
centrations the energy required for ignition 
increases considerably, for instance reaching 
a value of more than 10*»J (0.01 joule) be- 
fore a concentration of 10% by volume has 
been attained. The data given for a number 
of pure hydrocarbons differ only slightly 
from the above figures for ether, which 
may presumably with good approximation 
also be applied to light petroleum vapor. 
The main results are as follows: The 
use of insulating footwear (rubber soles) 
greatly facilitates the building up of elec- 
tric charges on persons, and the possibility 
of the accumulation of such charges is par- 
ticularly great when the person gets up from 
a wooden stool (without any fabric cover- 
ing) after having turned round on the stool. 
In this case, the electrostatic energy pro- 
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Fig. 5—Same as in Figure 4, except that the degree of humidity was 70%-72%. 


Fig. 6.—Electrostatic charging of subjects 
(Method 3b, linoleum-covered floor) at different 
degrees of humidity, temperature 21-24 C. Maxi- 
mum and minimum values within each experi- 
mental series have been connected by means of a 
vertical line, on which the average value of the 
potentials measured has been marked by the sym- 
bols O or A, which refer to two subjects, wearing 
rubber or leather soles, respectively. 
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duced will frequently exceed the critical 
value of 200uJ, and when the humidity of 
the air is low it will often be greatly in 
excess of this value. 

With increasing degrees of humidity the 
building up of charges tends to decrease, 
although considerable values may still be 
reached, particularly in experiments accord- 
ing to Method 3b, on the condition, how- 
ever, that the subject wears rubber-soled 
shoes. 

In the case of subjects with leather-soled 
shoes charges in excess of the critical value 
of 200uJ have only been ascertained in one 
experimental series (i, e., at a humidity of 
18%, Fig. 4). At higher degrees of hu- 
midity (25%-75%) it has not been possible 
with respect to any of the subjects (with 
leather-soled shoes) and according to any 
of the methods used in this investigation to 


Vol. 16, July, 1957 


1000 

3000 

800 

a 600 

x x 

200 

re) 

wo 


LEAKAGE RESISTANCE. AND STATIC ELECTRICITY 


obtain potentials corresponding to an elec- 
trostatic energy of 200uJ or more. 

C. Elimination of the Hazards Due to 
Static Electricity by Other Means Than an 
Increase of the Humidity of the Air—As 
it has appeared from the above, hazardous 
potentials are chiefly produced in the ex- 
periments according to Methods 3a and 3b 
(which do not differ in principle). In ex- 
periments on the elimination of the accumu- 
lation of charges under these conditions it 
was examined whether any effect could be 
obtained by making the legs of the wooden 
stool electrically conducting by winding 
them with copper wire. As anticipated, this 
procedure resulted in a decrease in the leak- 
age resistance of the stool (as measured 
according to the technique described in Sec- 
tion IB), but the tendency for charges to 
build up seemed to increase. 

Another possibility was to provide the 
seat of the stool with a suitable covering. 
No improvement was obtained by experi- 
ments with artificial leather, while a cotton 
cover (secured so as to prevent it from 
taking part in the person’s movement in 
Method 3b) proved in numerous experi- 
ments according to Methods 3a and 3b to 
eliminate the accumulation of charges (while 
charges of the same magnitude as those 
previously found were observed in simul- 
taneous experiments with the same stool 
without covering). As might be anticipated, 
the reduction of the conductivity of the 
stool produced by such a cotton cover is 
insignificant. 


III. Analyses of the Air in the 
Laboratory 

It was considered to be of importance to 
the investigation, in addition to the electrical 
experiments, to obtain analyses of the air 
in the laboratory with respect to its com- 
bustible components, and The Danish Insti- 
tute of Industrial Hygiene was asked to 
make a series of such analyses.* The anal- 
yses showed that explosive gaseous mixtures 
did in spite of all precautions occur, for 
instance when liquid had been spilled on a 
table. 
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IV. The Elimination of Electrostatic 
Hazards (Conclusion) 


A. Precautions Based on the Results of 
the Present Investigation—The following 
conclusions were drawn from the results of 
the experiments made: 

1. Insulating footwear should never be used in 
the laboratory. 

2. The relative humidity of the air should be 
measured at regular intervals and should not be 
allowed to drop below about 40%. 

3. Insulating floor coverings, linoleum, should 
be replaced by materials with higher conductivity 
so as to ensure that the resistance between ground 
(water pipe) and an electrode placed at any point 
of the floor is within a range from about 0.1 MQ 
to about 10 MQ. (The resistance to ground of the 
floors should not be so low that persons who 
accidentally touch electric power lines or defective 


electric equipment are exposed to hazardous ef- 
fects). 


4. The metal gratings in the ventilation open- 
ings in bench tops should be replaced by wooden 
gratings. 

5. The stools used in the laboratory should be 
provided with covers of a type which tend to 
eliminate the building up of electrostatic charges. 

6. Handling of plastic packing material should 
not take place in rooms in which inflammable vapor 
may occur in considerable quantities. 


B. Precautions Based on the Results of 
Other Investigations on Electrostatic Haz- 
ards.—In connection with the conclusions 
drawn from the present investigation, atten- 
tion might reasonably be directed to the fact 
that the clothing plays a certain part with 
regard to the possible accumulation of 
charges on persons. Our own investigations 
have not dealt with this aspect, but it may 
be mentioned that according to Guest et al." 
the use of coats, over-alls, or other outer 
garments of wool, silk, or synthetic fabrics 
such as rayon, nylon, orlon, etc., should not 
be permitted in rooms in which work involvy- 
ing the use of volatile inflammable sub- 
stances is in progress. Cotton seems to be 
more suitable from the point of view of 
electrostatic hazards. 

Attention should further be drawn to the 
fact that electrostatic charges, with the con- 
sequent spark hazards, may also occur in 
connection with the manipulation of liquids 
or powders of low conductivity, for instance 
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the pouring of gasoline, kerosene, or the 
like from one container into another. Our 
investigations have not included experiments 
on this problem, but reference may be made 
to works by W. Fordham Cooper,? P. G. 
Guest,’ and H. Freytag* On pages 81 and 
82 of the latter work the author mentions 
a number of precautions against risks due 
to electrostatic charges, the most important 
of which are that the humidity of the air 
in the rooms concerned should not be al- 
lowed to become too low and that all metallic 
vessels and pipelines should be grounded. 
As regards details, one should refer to the 
original work. 

It is our hope that the results obtained 
in the present investigation will prove to be 
useful for other laboratories and establish- 
ments where it is endeavored to eliminate 
fire hazards caused by the accumulation of 
static electricity. 


Summary 


An investigation on the leakage resistance 
of personnel and floors and on the possi- 
bility of the building up of charges on per- 
sonnel in The National Vitamin Laboratory, 
Copenhagen, showed that the use of insulat- 
ing floor coverings (as, for instance, lino- 
leum) as well as insulating footwear (shoes 
with rubber soles) should not be allowed in 
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rooms in which work is in progress involv- 
ing the use of volatile inflammable sub- 
stances. 

The investigation showed that charges 
would frequently build up on a person rising 
from an ordinary varnished wooden stool. 
Handling of plastic packing material might 
also result in the formation of static elec- 
tricity. Experiments were made at different 
degrees of humidity of the air (about 20%- 
70%), showing that the tendency for static 
electricity to accumulate increases at low 
degree of humidity. 


The analyses were made by The Danish Institute 
of Industrial Hygiene. 


The National Vitamin Laboratory. 


The Technical University of Denmark, Copen- 
hagen. 
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According to Dr. Leonard A. Scheele, 
former U. S. Surgeon General, “The hori- 
zon of the field of industrial health has 
expanded in recent years from a circum- 
scribed interest in the control of industrial 
health hazards to a comprehensive approach 
to total health needs of the employee popu- 
lation.”” Work on elimination of the specific 
industrial factors responsible for employee 
illness and accidents has been followed by 
attention to provision of a positively healthy 
environment and to an effort to prevent and 
treat personal illness and the worker as a 
whole person, rather than as a worker, 
alone. 

One of the factors basic to consideration 
of an adequate working environment is 
water. Local water and health departments 
have largely eliminated any question about 
the supply of water to plants and offices in 
most parts of the country. On the other 
hand, from supply pipe to person, there is 
the possibility of contamination, which is 
of concern to specialists in industrial hy- 
giene. 

W. T. Ingram, adjunct professor of 
public health at New York University, and 
a consulting sanitary engineer, has said, 
“There is a dearth of epidemiological evi- 
dence of what might be called positive evi- 
dence that drinking fountains are involved 
as a vehicle of disease transmission, whereas 
on the other hand, there does exist a mass 
of circumstantial evidence which makes 
drinking fountains suspect if not proven 
vehicles.” 

A review of the literature and recent 
experimental work in the laboratories of 
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Potential Infection from the Drinking Fountain 
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Michigan State University support this con- 
clusion. In 1909, the health authorities of 
Kansas took the lead in abolishing the com- 
mon drinking cup in public places. 

It was not until 1914 that Berry? re- 
ported that, instead of being a sanitary 
improvement over the common cup, the 
bubble fountain was as much a health menace 
as the former. Pettibone, Bogart, and 
Clark * examined bubble drinking fountains 
following an epidemic of Streptococcus 
throat infections at a university. Strepto- 
cocci were recovered from 50% of the 
drinking fountains. Inasmuch as the water 
supply was satisfactory, the fountains were 
apparently the means of disease transmis- 
sion. Test organisms seeded on the bubbler 
were recovered from a fountain after 135 
minutes’ contact. 

Whittaker * reported that 80% of 77 ver- 
tical jet drinking fountains examined were 
contaminated. He recommended the use of 
a guard to prevent contamination. 

Dieter ® found vertical jet drinking foun- 
tains unsatisfactory. He inoculated the 
streams with a glucose broth culture of 
Serratia and was able to recover the organ- 
isms five minutes after inoculation. Incor- 
porating sputum into the culture, he was 
able to recover the organisms for 48 hours. 

Hitchens and Ross® reported that bac- 
teria remained from 30 minutes to two 
hours on fountain parts that had been con- 
taminated experimentally. In one instance, 
the test organisms which had been smeared 
on the bowl were recovered from the orifice. 
The authors stated that splashing water in 
the bowl might disseminate bacteria in the 
surrounding environment, 

The possibility of disease transmission by 
drinking fountains is attested by the actual 
isolation of pathogenic organisms from 
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‘ 


Stiles’ recovered Corynebac- 


fountains. 
terium diphtheriae from a vertical fountain. 
Hitchens and Ross ® isolated tubercle bacilli 


from the drain pipe of a drinking fountain. 
They also recovered B-hemolytic strepto- 
cocci from all fountain parts. Dieter ® iso- 
lated Escherichia coli from the orifice of a 
vertical jet fountain. 

The effect of aerosols in connection with 
drinking fountain sanitation had not been 
investigated until our recent work.’ As 
previously stated, Hitchens and Ross ® re- 
alized the possibility of bacteria transfer- 
ence by splashing water. Anderson, Moss, 
and Gross,® studying the effect of aerosol 
contamination from bacteriological tech- 
niques, demonstrated that when drops of 
medium containing bacteria fell from a 
pipette onto a hard surface the bacteria 
were disseminated by aerosols. They dem- 
onstrated that these aerosols remained sus- 
pended for a considerable period of time. 

Our recent experimental work supports 
this conclusion. In 1955, a survey of drink- 
ing fountains of various designs in public 
places was made. Four types of fountains 
were checked in the survey: bubble foun- 
tains, vertical jet types, angle jet types 
without an orifice guard, and angle jet 
fountains with orifice guards. 

The fountain parts selected for examina- 
tion were the orifice, the bowl, and the 
orifice guard. These were rubbed with 


sterile cotton swabs, moistened in sterile 
Butterfield buffer solution, and each was 
then immediately placed in a vial containing 
10 ml. of buffer solution. Immediately after 
sampling, the swabs and water samples 
were taken to the laboratory, where an 


TABLE 1.—Contamination Occurring in a 
Bubble-T ype Drinking Fountain 
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TABLE 2.—Contamination Occurring on an 
Unshielded Angle Jet Fountain 


MPN 8Streptococci/Swab MPN Index of Water 
ay —~ A 
Orifice Bowl = Streptococci Coliform 
1 92 92 0 0 
2 8.6 3.6 0 0 
3 92 250 0 0 
4 250 250 0 0 
5 118 92 0 0 
6 250 430 0 0 
7 92 920 0 0 
8 92 920 0 0 


attempt was made to differentiate coliform 
organisms and streptococci, as well as to 
ascertain total number of bacteria. All num- 
bers below are most probable number 
(MPN), 

Table 1 presents results on a bubble 
fountain. No coliform organisms were 
found, but Streptococcus indices varied 
from 2.2 to 39, with an average index of 
11.8. The contamination is readily under- 
stood when it is observed that the indices 
obtained from the orifice varied from 3.6 
to 430, with an average index of 205.7. 
The bowl Streptococcus indices varied from 
22 to more than 1000. These results confirm 
previous studies proving that bubble-type 
fountains are frequently contaminated. 

Table 2 presents data on an unshielded 
angle jet fountain. Although the water 
supply was pure, streptococci were isolated 
from the orifice. The indices ranged from 
3.6 to 250, with an average of 123.7. Strep- 
tococci were isolated from the bowl in all 
instances, the indices ranging from 24 to 
920, with an average of 371. These results 
are certainly not unexpected, inasmuch as 
the angle jet was exposed to direct mouth 
contamination by the user. 

A shielded angle jet is the subject of 
Table 3. Again, no coliform organisms 


TABLE 3.—Contamination Occurring on a Shielded 
Angle Jet Drinking Fountain 


MPN Streptococei/Swab MPN Index of Water 


Orifice Bowl Coliform 


Streptococci 


one 


MPN Index of Water 
Streptococci 


MPN Streptococci/Swab 
Orifice Guard Bowl 


Coliform 


HH nen 
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ae 430 430 2.2 0 220 0 0 

ig 3.6 1,000+ 16 0 430 0 0 
118 1,000+ 39 0 920 0 0 
as 230 22 5.1 0 9.1 2.2 0 
cn 92 74 9.2 0 9.1 0 0 

ee. 430 45 92 0 920 0 0 
Pal 20 430 5.1 0 147 0 0 
en 92 920 9.2 0 147 0 0 
78 


TABLE 4.—Contamination Occurring on a Shielded 
Angle Jet Drinking Fountain 


MPN Streptococei/Swab MPN Index of Water 
ay - 

Orifice Guard Bowl Streptococei Coliform 
l 250 9.1 430 0 0 
2 43 9.1 250 0 0 
3 3.6 3.6 0 5.1 0 
4 9.2 9.1 24 0 0 
5 43 3.6 15 0 0 
6 3.6 0 3.6 0 0 
7 9.1 3.6 920 0 0 
Bs) 24 9.1 43 0 0 


were detected in the water supply, but 
streptococci were detected in one sample of 
water. Three samples failed to show strep- 
tococci on the orifice, but the other five 
samples showed Streptococcus indices rang- 
ing from 3.6 to 43. The orifice guard 
showed Streptococcus indices ranging from 
3.6 to 9.1. The bowl yielded indices rang- 
ing from 9.1 to 920, with an average index 
of 350.2. 

In Table 4 are presented data on a foun- 
tain similar to that reported in Table 3, 
a shielded angle jet. Again, no coliform 
organisms were found in the water, but 
streptococci were detected in one water 
sample. Streptococci were isolated from the 
orifice in all samples, the indices ranging 
from 3.6 to 250, with an average index of 
78.1. The orifice guard yielded indices 
ranging from 0 to 9.1, with an average 
index of 5.9. The bowl had indices from 
0 to 920, with an average index of 210.7. 

Thus, the data presented in Tables 3 to 
5 show that buccal streptococci are found 
on all parts of the drinking fountains no 
matter what type of fountain is examined. 
The fact that streptococci were found in 
some of the water samples indicates that 
mouth organisms can be transferred by 
means of a drink. The orifice guard de- 
signed to protect the orifice from contam- 


Taste 5.—Contamination Occurring on Refrigerated 
Angle Jet Drinking Fountains of Various Designs 


MPN Streptococci/Swab 
Fountain Samples 


Orifice Guard Bowl 
63 52 1,000+ 
Fountain 2_.....----- 22 0 70 
Fountain 18 24 1,000+ 
Fountain 4... -...--- 24 0 250 
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ination may protect from direct mouth 
contamination, but it does not protect the 
orifice from indirect transmission of buccal 


streptococct and undoubtedly other oral 
organisms. 


A study was then made to learn how 
contamination took place. Three angle jet 
drinking fountains were installed in the 
laboratory for test purposes. The foun- 
tains differed in the dimensions and shape of 
the bowl, the type of orifice, and the orifice 
guard. 

To determine the role of the bowl as 
a source of contamination of the water, a 
Streptococcus broth culture was smeared 
over the bowl surfaces of the fountain 
after it had been carefully sanitized. Then 
the water was turned on and allowed to 
flow continuously for one-hour periods, 
after which swab samples were collected 
from the orifice and the orifice guard. 

Streptococci were found infrequently on 
the water orifice on two of the fountains 
examined. The third fountain showed no 
orifice contamination. The results indicated 
that the contamination on the bowl surfaces 
is not the primary source of orifice con- 
tamination. 

In a second attempt to find the source 
of orifice contamination, streptococci were 
fed into the stream of water in a manner 
simulating the act of drinking. A _ bottle 
equipped with a drip tube containing a 
broth culture of Streptococcus was inverted 
over the top of the streams of water from 
the fountain so that organisms could be 
slowly discharged into the stream. 


Taste 6.—Recovery of Streptococci from Orifice 
with Change in Height of Stream at Varying 
Times of Operation 


Time of 
Fountain 


Height of Stream 


Operation, Trial I Trial IT 
Min. 
Normal High Low Normal High Low 
1 5 80 0 0 8 0 
3 1 30 0 0 35 0 
5 30 1 21 7 0 
10 30 7 5 18 43 0 
30 85 140 0 40 fl 4 
60 71 110 0 62 115 0 
Controls 0 0 0 0 0 


\ 
% 


At the start of each experiment, the foun- 
tain was carefully sanitized and control 
swabs were collected from the orifice. The 
fountain was operated intermittently, 10 
seconds on, 5 seconds off. The height of 
the stream was adjusted so that trials were 
made with normal, below-normal, and 
above-normal stream heights. Swab cultures 
were collected from the orifice at intervals 
of 1, 3, 5, 10, 30, and 60 minutes. The 
results are presented in Table 6. 

These data show that the test organism 
was carried back into the orifice by aerosol 
spread. When the stream of water fell into 
the bowl, splashing occurred and drops of 
water carrying the bacteria were dissemi- 
nated. In one instance, the test organism 
was recovered from the orifice after one 
minute of operation when the stream was 
at normal height. When the stream was 
above normal height, the number of organ- 
isms recovered from the orifice was high, 
whereas it was almost negligible when the 
height of the stream was below normal. 

The next experiment was concerned with 
the spread by aerosol contamination to the 
area around the fountain. A partition was 
designed so that the distance to the foun- 
tain could be varied. A section a yard 
square was marked off on the partition at a 
point directly in line with the stream com- 
ing from the orifice. This section, as well 
as the water orifice, was sanitized before 
each experiment. The fountain was oper- 
ated intermittently for a period of five min- 
utes, and again swab cultures were collected. 
Tests were made again with the stream at 
normal, below-normal, and above-normal 
heights. 


TaBLe 7.—Recovery of Streptococci from a Wall 
at Different Distances from the Fountain When 
the Height of the Stream Was Normal 


Number of Organisms/Swab 
Distance from Orifice 


to Partition, In. Trial I Trial II 
27 510 490 
25 1,150 1,120 
23 550 960 
21 430 1,410 
19 1,850 1,700 
17 1,800 1,530 
15 2,120 1,420 
Controls None None 
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TABLE 8.—The Recovery of Streptococci from 
Aerosol Above Fountain 


Total No. of Organisms 
Recovered After 30 Min. 
of Operation 

5 


Height Above Fountain, In. 


15 
12 
8 
6 
5 


3 
2 
1 


The results, shown in Table 7, indicate 
that when a normal stream height was used, 
large numbers of organisms were isolated 
from the wall area. The nearer the wall, 
the greater the contamination. Again, a 
below-normal stream disseminated fewer 
organisms; a higher-than-normal stream, 
many more. Agar plates were exposed for 
brief periods at varying distances over the 
water streams to determine the extent of 
aerosol contamination not in the path of 
splashing drops (Table 8). 

An examination of these data show that 
aerosols are formed as a result of the 
splashing of water in the bowl of the foun- 
tain. When a source of bacteria is present 
—as it is when a person drinks—these 
aerosols are heavily contaminated. Agar 
plates held at 1 and 2 in. (2.5 and 5 cm.) 
above the stream of water developed so 
many colonies that counting was impossible. 
Apparently, large drops containing heavy 
populations adhered to the agar surface. 
This did not occur on the plates held at 
higher levels. The even distribution of the 
colonies on the plates indicated that air 
above the fountain was heavily contami- 
nated with bacteria-containing aerosols. 

These results were confirmed by examina- 
tion of still another shielded angle jet 
fountain, in which the stream was at proper 
height and drainage was rapid and com- 
plete. The fountain and its parts were sani- 
tized in the morning before use. Then 
orifice, guard, and bowl were swabbed at 
15-minute intervals for the first two hours 
—after that, once per hour. 

The fountain became contaminated after 
use by one person. No one was observed 
misusing the fountain (which was in a 
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TABLE 9.—The Number of Streptococci Recovered 
from a Drinking Fountain Which Had Been 
Sanitized Previous to Use 


Time of Sample, 


Number of Streptococci 
Beginning 15 Min. After 


First Person Used Fountain Bowl Orifice Guard 
1,030 
18 


university office, laboratory, and classroom 
building); hence the bacteria isolated from 
the various areas of the fountain must have 
been rinsed from the lips and mouth of the 
user and spread by formation of an aerosol 
(Table 9). 

W. T. Ingram,' in his review of the 
literature and correspondence, found that 
water supplies contaminated “on the spot” 
by other drinkers were suspected, but un- 
confirmed, culprits in a variety of outbreaks 
of infectious skin and mouth diseases. The 
aerosol evidence points circumstantially in 
the same direction. At the same time, com- 
mon sense and the skeptical may point out 
that we do not live in a sterile environment. 
But we are tending in that direction with 
increasing purity of foods, filtered air, 
better personal hygiene—handwashing and 
respiratory—taught at home and in schools. 
The more “pure” the environment, and 
people’s hygienic practices, the more suscep- 
tible they seem to become to diseases that 
might once have been indigenous in mild 
form. (Witness the prevalence and ferocity 
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of polio in countries notable for good sani- 
tation and personal hygiene.) We have no 
choice but to go forward. Aerosol contami- 
nation of the immediate neighborhood of 
drinking fountains may be one factor in 
the high rate of nuisance ailments or ab- 
senteeism. Since it can be dealt with 
expeditiously and inexpensively by a recon- 
sideration of fountain design and service 
factors, the effort would seem to be well 
worth while to industrial hygienists. 


Michigan State University. 
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Metabolism of Chlorophenothane (DDT) 


Intestinal Lymphatic Absorption 


CARL F. ROTHE, Ph.D.; ARNOLD M. MATTSON, Ph.D.; ROSE MARIE NUESLEIN, B.S., 
and WAYLAND J. HAYES JR., M.D., Ph.D., Savannah, Ga. 


The mechanisms of intestinal absorption 
must be known in order to understand more 
fully the toxicity of chlorinated hydrocar- 
bon pesticides such as DDT (chloropheno- 
thane; 1,1,1-trichloro2,2=bis p-chloropheny! | 
-ethane). High concentrations of DDT- 
derived materials have been found in the 


mesenteric lymph nodes,' and it has been 
speculated that the pesticide is absorbed by 
way of the intestinal lymphatic system.* 
The research reported here was designed to 
test this theory and to characterize any 


DDT-derived material found in the chyle. 


Methods 


Three male Sherman-strain albino rats, weighing 
325 to 375 gm., were used. The anesthetic during 
surgery was sodium pentobarbital. Polyethylene 
cannulae which had an inside diameter of about 
0.6 mm. were used. They were bent at the tip 
in a semicircle of about 5 mm. diameter. The 
thoracic lymph duct, located between the inter- 
costal arteries dorsal to the abdominal aorta, was 
cannulated between the diaphram and the renal 
arteries, cephalad to the cisterna chylae, in a 
manner similar to that of Bollman et al.* By 
ligating the duct near the diaphram and waiting 
10 to 30 minutes for the duct to distend, it was 
much easier to cannulate it. The animals were 
not fasted before the operation. Heparin was used 
in the cannulae to prevent clotting,* but, in order 
to maintain a continuing flow, it was also neces- 
sary to give the animals 0.4% sodium chloride 
drinking water ad libitum after the operation *° 
and during the collection of chyle. This pro- 
cedure also helped replace sodium chloride lost in 
the collected chyle. The animals were provided 
with Purina Laboratory Chow ad libitum. They 
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were kept in restraining cages similar to those de- 
scribed by Bollman.* One dose of tetracycline- 
HCl (Achromycin) was given intramuscularly 
(10 mg/rat) as a prophylactic. 

DDT, labeled by Pearce and Jensen’ at the 
tertiary carbon with C“, was used. The DDT was 
given as an emulsion containing 1.5% DDT, 15% 
peanut oil, and 5% acacia. This formulation was 
homogenized by passing it through a hand homoge- 
nizer six times at a pressure of about 500 pounds 
per square inch. 

The radioactive DDT formulation was measured 
by displacing the calculated amount from a 1 ml. 
tuberculin syringe through a metal stomach tube 
into the rats, which were anesthetized with ethyl 
chloride in preparation for dosing. Immediately 
before the dosing of the animal, the same volume 
of the emulsion was placed by the same method 
into a test tube for assay of the amount given. 
The dosage was 7 to 10 mg/kg., requiring 0.16 
to 0.26 ml. of the formulation per rat. 

Chyle had been flowing from Rat 1 for nearly 
two days before dosing. In addition to the radio- 
active DDT emulsion, 05 ml. of peanut oil was 
given to this animal. Rat 2 was given the DDT 
emulsion within 30 minutes 
Rat 3 was dosed a day after cannulization and 
was given 1 ml. of 0.8% sodium chloride solution 
in addition 


after cannulization. 


to the emulsion. The small volumes 
of emulsion and small doses of DDT were used 
to m’nimize gastrointestinal or systemic upset. 

Radioassay of the tissues and of all of the major 
chyle samples was done by a modified Van Slyke- 
Folch combustion, barium carbonate precipitation, 
and open-window, Geiger-Miller detection." One 
microgram of radioactive DDT gave 43 c. p.m. 
above background. Direct planchet counting was 
used for samples of low activity and for prelim- 
inary checks. When the residue in the planchet 
was of the order of 1 mg., about 400 c. p.m./y 
of radioactive DDT was recorded with this more 
sensitive but less accurate method. Colorimetric 
determinations for DDT and DDE (1,1-dichloro- 
2,2-bis[p-chlorophenyl]ethylene) were by the 
Schechter-Haller method * as modified by Mattson 
et al.” 
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Tas_eE 1.—Absorption of DDT and Metabolites by Way of the Intestinal 


Lymphatic System 


Colorimetric Assay 


Radioassay 


Sample No. Time, Min. Chyle, Ml. DDE, v 


Rat No. 


be be be & & be bo 


45 
46 
38 
24 
12 


3 3 


3 


Rat No. 1, 2270 y dose of 
31 


3, 3550 + dose of 
32 


Total * 
as DDT, 


Total DDT conc., 


DDT, vy as DDT, vy ppm 


DDT 


150 
300 


DDT 


* DDT equivalent of DDE was calculated as 1.114 times the amount of DDE. 


A 3:1 mixture of ethyl alcohol and diethyl 
ether was used to extract the DDT-derived ma- 
terials from the chyle. Aliquots were then made 
for colorimetric determinations and _radioassay. 
The extraction of radioactive material from the 
chyle was complete, since only background radio- 
activity was detected from the dried proteinaceous 


residue from about 50 ml. of extracted chyle 
samples which was assayed directly in the window- 
less counter. 

The carcasses were ground in a meat grinder 
and then extracted with 500 to 1500 ml. of acetone. 
The last two carcasses were macerated further 


by using a Waring Blendor. 


DOT+0O0DE 
(¥/ HR) 


RAT NO./ 
RAT NO.2 
------RAT NO3Z 


4 
7 


Fig. 1—(Top) Ab- 


DDE 


sorption of DDT-derived 
materials, (Middle) Per 
cent of DDT-derived 
materials in chyle in the 
form of DDE, and (Bot- 
tom) the chyle flow of 
rats given radioactive 


(ML/HR) 


CHYLE FLOW 


0-0-O0—o— 


DDT orally. 


° 


TIME (HOURS) 
Rothe et al. 


70 l2 14 16 18 20 22 24 26 28 30 


40 110 129 
60- 134 20 38 60 50 ‘ 
134- 183 23 43 69 68 7 : 
183- 240 23 58 st 91 
240— 306 46 oS 149 160 
306- 450 89 161 260 270 
= 163 299 481 
1885-2840 = 16 
0-2840 1294 
2, 3850 dose of DDT 2 
5- 64 dai 
64— 125 273 342 
125- 182 55 85 146 158 186 oi 
182- 303 98 260 227 146 
665 230 556 518 = 
1685-1710 0 0 
5-1710 1685 
60 59 198 204 128 
60- 120 276 326 353 104 bs 
120- 180 204 344 381 72 a 
180- 240 170 211 207 77 Be 
240- 360 105 131 120 43 
= 43 57 51 
0-1690 1456 
00 
| = 
200-91 \ & 
100 
— 
20 
O54. 
° 
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TABLE 2.—Recovery of Orally Administered DDT (Radioassay) 


Rat No, 1 


Rat No. 2 Rat No.3 


% of Dose 


* el is less than the experimental limit of about 2 y. 


Because of the small amount of DDT-derived 
materials present in some samples and the relative 
insensitivity of the colorimetric method, a com- 
plete analysis of DDE in the chyle was impossible. 


Results 


The absorption of DDT-derived materials 
into the chyle is given in Table 1 and the 
Figure. The agreement between the radio- 
active and colorimetric analyses may be 
noted. Of the administered radioactive 
DDT, 41 to 57% of the radioactivity was 
recovered in the chyle, less than 0.1% was 
found in the urine, 7.4 to 37.1% was un- 
absorbed, and 19.4 to 67.1% of the activity 
was found in the carcass (Table 2). Of 
the administered DDT which was absorbed 
(i. e., which was not found in the feces and 
intestinal contents) 47 to 65% was found 
in the chyle. 

Of the DDT-derived material absorbed 
into the chyle, 14 to 46% was in the form 
of DDE. This conversion to the less toxic 
DDE ? occurs rapidly, as may be seen from 
the Figure. The percentage of this product 
to the total DDT-derived materials was 
nearly constant from sample to sample with 
each animal. Analysis of the DDT emulsion 
established that the degradation product, 
DDE, was not present in measurable 
amounts in the emulsion given to the rats. 
(The two-color method used for distin- 
guishing between DDT and DDE is un- 
certain beyond ratios of about 1:10.%) 
Degradation had thus occurred either in 
the animal or during the analysis of the 
sample. A sample of DDT carried through 
the complete method of analysis in the 
presence of plasma showed no degradation 
of DDT, since 104% recovery of DDT was 
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realized. It would seem, 
degradation was biological. 

In order to determine whether the me- 
tabolite(s) in the chyle was (were) acidic 
or neutral, combined samples of the alcohol- 
ether extracts of the chyle were prepared. 
After removal of the solvent from each 
combined sample by evaporation, the residue 
was taken up in water, transferred to a 
separatory funnel, and rinsed with ether. 
The water phase was acidified and extracted 
three times with ether. Using the direct 
assay, less than 1% of the total activity 
was found in the aqueous phase. The 
amount Of material found after an aqueous 
alkaline extraction of the ether solution 
agreed within 1% of that found after an 
aqueous acid extraction of the same solu- 
tion, thus indicating that the material was 
neutral. 

As a further check on this, aliquots of 
the ether solutions were passed through 
Davidow columns which retain dichloro- 
benzophenone (a neutral material), DDA 
(2,2-bis[p-chlorphenyl]-acetic acid), and 
other acidic metabolites. There was no 
significant removal of material by the Davi- 


therefore, that 


TasBLe 3.—Effect of Davidow Column Treatment 
on Metabolite(s) Found in Ethanol-Diethylether 
Extracts of Rat Chyle 


Chyle 
Samples 
Rat Combined, DDE, 
No. No. 


Total 


as 
DDT, DDT, 
7 


Before Davidow Column Treatment 
1 1 through 9 340 320 699 
2 2 through 6 405 205 655 
3 1 through 6 120 600 734 


After Davidow Column Treatment 
1 1 through 9 330 709 
2 2 through 6 485 220 760 
3 1 through 6 135 610 760 
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% of Dose % of Dose 
: eC 2270 100.0 3850 100.0 3550 100.0 
1294 57.0 1685 43.8 1456 41.0 
poby Feces and intestinal contents_.._..............- 251 11.0 286 74 1318 37.1 
17 
+ 
4 i 
DDE, 
Total 
18 
53 
71 
= 


TABLE 4.—Concentration 0 _ Radioactive DDT im 


Various Tissues 
Rat 1, Rat 2, Rat 3, 
Tissue Ppm Ppm Ppm 
Body fat (lipid extract)_......____ 12 234 91 
1 73 3 


dow column (Table 3). Thus it is con- 
cluded that the metabolite in the chyle is 
DDE. This has been the only neutral com- 
pound found in this laboratory which passes 
through a Davidow column ‘and gives a red 
color by the Schechter-Haller method of 
analysis. 

Various tissues were assayed for radio- 
active-DDT-derived materials. The results 
are given in Table 4. Male rats of about 
the same age in the colony have 17.1+6.4 
ppm DDT and 16.6+7.8 ppm DDE in their 
body fat under normal laboratory conditions 
using Ralston Purina Laboratory Chow. 
This nonradioactive DDT was, of course, 
not detected by the radioassay. The high 
carcass values in Rat 2 are discussed below. 

As may be seen from the Figure, the two 
animals which had recovered from the op- 
erations had peak chyle flows of nearly 
6 ml/hr. DDT was absorbed at rates as 
high as 38ly/hr. Fifty per cent of the 
DDT-derived materials found in the chyle 
was absorbed in the first 2.5 to 7 hours and 
95% was absorbed by 18 hours. 

Total recovery of the 1.07 to 1.18 micro- 
curie doses of radioactive DDT was be- 
tween 89.0 and 118.3%. 


Comment 

Nearly 60% of the dose of DDT which 
was not lost in the intestinal contents and 
feces was found in the chyle. The re- 
mainder can be accounted for by assuming 
(1) absorption through intestinal lymphatic 
channels (lacteals) which bypassed the can- 
nulated thoracic lymph duct or (2) absorp- 
tion into the hepatic portal system. The 
recovery values are such that analytical 
errors of this magnitude are most unlikely. 
Significant absorption into the hepatic por- 
tal system is also unlikely. Bloom, Chaikoff, 
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and Reinhardt have concluded that the 


lymph is the major, if not the exclusive, 
agent for the transport of absorbed long- 
chain fatty acids, whereas the short-chain, 
more water-soluble fatty acids are absorbed 
largely into the hepatic portal system.® 
Furthermore, they recovered by way of the 
thoracic lymph duct 94 to 101% of the ab- 
sorbed cholesterol which had been labeled 
with C'%1! DDT is even more water- 
insoluble than is cholesterol, and the long- 
chain fatty acids and thus DDT also might 
be expected to be absorbed nearly exclu- 
sively in the chyle. Because of the diffuse, 
poorly defined nature of the lymphatic sys- 
tem, collaterals which bypassed the cannu- 
lated duct are a real possibility. It seems 
likely, therefore, that most, if not all, of 
the DDT-derived materials are absorbed by 
way of the lymphatic system, but the possi- 
bility of some absorption by way of the 
hepatic portal system cannot be excluded 
by these experiments. 

An appreciable concentration of DDT- 
derived materials in the chyle itself is im- 
plied by the data of Spicer et al. who 
found 3068 ppm DDT and 84 ppm DDA in 
the mesenteric lymph nodes of goats which 
had been poisoned with three daily doses of 
500 mg. DDT per kg. body weight. They 
did not analyze for DDE as such and thus 
no information is available as to the DDE 
content or the DDE to DDT ratio. Fur- 
thermore, because DDE would be recorded 
as DDA if the alkaline extraction were not 
complete, the presence of true DDA in the 
concentrations recorded is subject to ques- 
tion. 

Because of the powerful emulsifying 
agents normally present in the intestine, the 
use of a DDT emulsion formulation, as in 
these experiments, is probably superfluous 
for facilitating intestinal absorption when 
small amounts of DDT are administered. 
Since it has been shown that bile is essen- 
tial for the absorption of cholesterol,’ and 
since bile contains excellent emulsifying 
agents, external emulsification or the pres- 
ence of normal bile flow would appear to 
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be essential for the intestinal absorption of 
DDT. 

The use of sodium chloride in the drink- 
ing water to speed the chyle flow and to 
discourage clotting *°1! is, like emulsifica- 
tion, unlikely to have had a_ qualitative 
effect. 

The high recovery and extraordinary high 
carcass content of radioactive DDT of Rat 
2 is largely unexplained. The carcass, liver, 
and fat samples were processed separately. 
Because of the concentration of radioactive 
DDT found in the liver and particularly the 
relatively large concentration found in the 
fat sample (Table 4), there is little question 
that true absorption occurred. The chyle 
flow on the first day was relatively low, 
possibly due to obstructions forcing appre- 
ciable amounts of DDT into collateral chan- 
nels. However, as may be noted in Table 4, 
the concentration of DDT in the carcass as 
compared to that in the fat and in the liver 
is high as compared to the other two ani- 
mals, indicating some form of carcass con- 
tamination. A small portion of the rectum 
and anus were not removed with the gas- 
trointestinal tract and contamination from 
the intestinal contents of this site could 
have occurred. Only 7% of the dose was 
recovered in the feces and intestinal con- 
tents, indicating unusually large ‘“‘absorp- 
tion.” 

It has been found that DDT is stored 
in the fat of rats in the form of both DDT 
and DDE." The relationship between the 
proportion of DDE to DDT in the chyle, 
blood, and fat is being studied. 


Summary 


Of the intestinally absorbed radioactive 
DDT administered orally to rats with their 
thoracic lymph ducts cannulated, 47 to 65% 
was recovered in the chyle. Furthermore, 
14 to 46% of the absorbed DDT-derived 
materials found in the chyle were dehydro- 

- halogenated into a neutral material (DDE). 
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News and Comment 


ANNOUNCEMENTS 


It is planned to publish in the Arcuives the papers read at the 17th Annual Congress on 
Industrial Health. Each issue, beginning with August, will contain the papers presented at 
a single session. The titles of the papers read before the Congress were as follows: 


Components of a Complete Vision Program FRANKLIN M. Foore, M.D. 
A Critical Evaluation of (Micuaret J. Hocan, M.D. 
Vision Screening Methods ) Austin Lowrey 


Testing for Color Perception CmMpr. Dean FarnswortH (MSC), U. S. N. 


Estimation of Loss of Visual Efficiency Epmunp B. Spaeru, M.D. 
Relationships Between Illumination and H. Ricnarp BLackwe tt, Ph.D. 
Vision 


Responsibilities and Limitations 
of the Industrial Nurse 


in the Vision Prograni MaArcAret S. Harcreaves, R.N. 


Elements of a Successful (JamMes E. O' 
Eye Protection Program )RIcHARD WILKINS 


The Prescription 
Safety Goggle Problem E. J. Schowatrer, M.D. 


Emergency Treatment of 
Chemical Injuries to the Eye RAtpH W. Ryan, M.D., M.S. Ophth. 


Screening for Eye Disease FRANKLIN M. Foote, M.D. 


Agricultural Chemicals—Economic 
Facts, Laws and Regulations ALLen B, LEMMON 
The Phosphorus-Containing Insecticides— 
Toxicology, Clinical Symptoms 
and Treatment H. H. Gorz, M.D. 


The Chlorinated Organic Insecticides— 
Toxicology, Clinical Symptoms 
and Treatment FRANK A. Princr, M.D. 


Control of Hazards in the 
Use of Agricultural Chemicals— 
California Experience Rosert L. Mercatr, Ph.D. 


Brief Historical Résumé of the Subject Paut S. Ricuarps, M.D. 


Dry Aluminum Powder Therapy 


for Thermal Burns Marvin D. MAXMEN 


The Exposure Method of Treatment Cmpr. Grorce T. VAN Perren (MC), U. S. N. 


Research in the Treatment of Burns 


Lieut. Cot. Ropert D. Pittspury (MC), U. S. Army 


Oral Treatment of Burn Shock Kent Markey, M.D. 


Methods for Conservation of Hearing Howarp P. House, M.D. 


ae 


Status of Research Activities of the 
Subcommittee on Noise in Industry 


What Constitutes Disability and 
How Is It Measured 


Allowable Noise Exposure for 
Hearing Conservation 


Teamwork Solution of the 
Industrial Noise Problem— 


Successful Coordination of the Activities 
of the Medical Director, the Consulting 
Otologist, the Industrial Hygienist, the 

Audiometric Technician, the Safety 
Engineer, the Supervisory Staff, the Plant 
Engineer, the Personnel Director and others 
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Books 


Practical Psychiatry for Industrial Physicians. By W. Donald Ross. Price, $7.50. Pp. 401. 

Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill, 1957, 
The practice of industrial medicine, to be fully effective, requires a basic orientation in 
psychiatry and an awareness of the many problems and activities in industry that lie in, or 


on the fringe of, psychiatry. Dr. Ross has produced a book on practical psychiatry for the 
industrial physician, and an excellent one indeed. 


Too often the “nonindustrial” specialist attempts to describe how his special field applies 
to industry without really understanding the industrial setting. Dr. Ross obviously has a 
good understanding of industry and the many relatively nonmedical aspects that surround a 
medical problem in industry. Out of this understanding has come a very practical book. 
Delightful bits of well-chosen humor also serve to raise this book out of the ordinary. 

No single book, even one as ambitious in scope as this one, could make the uninitiated 
fully competent in things psychiatric. The author presupposes that the reader already has 
some orientation. However, each chapter ends with a selected bibliography so that the 
serious reader can pursue further his education on the topic of the chapter. 

Practical guides to meeting psychiatric problems in industry include, for example, a list 
of conditions that should be referred to a psychiatrist and a list of conditions that should 
be handled by the industrial physician himself. The author complains that industrial physi- 
cians are prone to refer only the long-standing, deep-seated neuroses. These cases, he feels, 
will be helped more by the recurring, readily accessible, supportive attention of the in-plant 
physician. 

Particularly intriguing in this book is the review of a wide variety of problems having 
a psychiatric aspect. Brief chapters are devoted in alphabetical sequence to absenteeism, 
accidents, alcoholism, dust exposures, executives, and so on, all the way through to unions 
and women. At the end of eack of these chapters are selected references for further study. 
This book, then, not only treats of things specifically and obviously psychiatric but encom- 
passes a range of subject matter that should serve to broaden the horizons of industrial 
physicians and lift them from a type of practice that may at times become pedestrian. 

As in any book, one can find things to criticize. For example, many industrial physicians 
would take issue with the statement, “Perhaps the ideal position in the formal social structure 
for industrial medicine might be that of responsibility to a joint board from top management 
and top labor.” 

In the main, however, this is an excellent book, an orientation, a practical guide, and a 
source book, that should be read by every industrial physician. With the need that exists 
outside of industry for the private practitioner to understand the emotional side of his pa- 
tients and to comprehend the problems of the patient at work and the functions of the 
industrial physician, it would be particularly helpful if it could reach the hands of every 
physician, whether he be inside or outside of industry. 

Rosert B. O’Connor, M.D. 
Handbook of Poisons. By Robert H. Dreisbach, Ph.D., M.D. Price, $3.00. Pp. 426. 
Lange Medical Publications, P.O. Box 1215, Los Altos, Calif., 1955. 

Dr. Dreisbach has performed a much-needed task in compiling this extensive handbook 
for emergency diagnosis and treatment of poisoning accidents. 

Of necessity from the scope of the handbook, the clinical findings and treatment of the 
various poisonings are brief and concise, realizing that more extensive information regarding 
definitive care and complications can be gleaned from the literature after the emergency is 
over. 

The book is arranged in six sections. The first covers the general considerations and the 
emergency management and treatment, prevention, and medicolegal aspects of ~poisoning. 
This is followed by separate sections devoted to Pesticides and Agricultural Poisons, In- 
dustrial Hazards, Household Chemicals, Medicinal Poisons, and Plant and Animal Hazards. 
The main body of the book is followed by an Appendix describing various mechanical 
resuscitation and supplementary oxygen equipment. 
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The major and commoner poisons are treated individually in outline form, giving the 
usual sources, chemistry, and pathology, followed by clinical findings, treatment, prophylaxis, 
and prognosis. 

This handbook is a valuable adjunct to every physician’s office, emergency room and 
first-aid station. 

H. S. K. Jr. M.D. 
Dictionary of Poisons. By Ibert Mellan and Eleanor Mellan. Price, $4.75. Pp. 150. 
Philosophical Library, Inc., 15 E. 40th St., New York 16, 1956. : 

Ibert and Eleanor Mellan have prepared a list of many of the major poisons, chemical, 
vegetable, and animal. It is arranged in alphabetical order with several interesting historical 
notes on many of the drugs or poisonous animals discussed. 

This book is designed for the use of lay personnel doing first aid only. The terms used, 
are understandable by nonprofessional people, and each paragraph emphasizes that a physi- 
cian must be called immediately. 

The price of this book is considerably higher than others on the subject of poisoning 
which are primarily designed for the physician. Despite this, the book would make a nice 
adjunct for training large numbers of persons, such as civilian volunteers, Boy Scouts, and 
industrial personnel who may treat emergency cases. 

H. S. K. Wituis Jr. M.D. 
Ageing in Industry. By F. LeGros Clark and Agnes C. Dunne. Price, $7.50. Pp. 146. 

Philosophical Library, Inc., 15 E. 40th St., New York 16, 1956. 

This miniature volume is the result of a painstaking inquiry which began when the 
authors posed the question “at what ages are men compelled by reason of their age alone 
to quit the occupations in which they have spent their working lives?” Thirty-two occupations 
were selected for purposes of study; these range from coal mining and farming to making 
of musical instruments. The retrospective data include figures derived from both the past 
and the more recent census reports, e. g., 1921, 1931 and 1951. 

The authors interpret the data as they visualize them in the light of aging under existing 
conditions in British industry; their personal philosophy is implemented by the result of 
discussions with the Registrar General of Great Britain and his staff, as well as those held 
with members of employers’ associations and of trade unions. 

The goal of the inquiry included the possible determination of the numbers of workers 
who are physically able to continue in the various and varied occupations beyond their 
chronologic age “in the mid-sixties.” The reader is presented with boiled-down data arranged 
in the form of about 38 pages of statistical tables and 2 pages of graphs; there is an un- 
mistakable impression that the “survival rate of men in their mid-sixties” varies greatly, 
e. g. from 5% to 15% in those who are accustomed to coal face mining; 35% to 45% for 
foundrymen ; 55% to 65% for welders and 75% to 85% for those in the old established crafts ~ 
such as clock and watch making. An over-all figure of 10% is deduced as representative of 


men who are retired arbitrarily by employers and who must be provided with alternative 
jobs. 


The book is recommended as a reference source to those who are interested in gerontology 
and the problems of employment of the aging. 


Leonip S. SNEGIREFF 
Air Pollution Handbook. Edited by Paul L. Magill, Francis R. Holden, and Charles 
Ackley. Price, $15.00. Pp. 670. McGraw-Hill Book Company, Inc., 330 W. 42d St., 
New York 36, 1956. 

This book came to us some months ago and resulted in the prompt purchase of several 
more copies, as all of our laboratory personnel began using the copy sent for review. We 
have found it much the most useful book there is on the subject. We use it constantly for 
reference and assign various chapters as texts in appropriate courses. 

Several of the 14 chapters are sizable monographs, complete with good illustrations and 
excellent bibliographies arranged alphabetically with numbers appropriately in the text. 
Thomas’ chapter on the effect of air pollution on plants we would put high up on the list of 
many papers by this author. Cholak’s on analytical methods and Johnstone’s on equipment 
and processes are two more that appealed to us especially. 

The index leaves something to be desired, but if the book is used as its title indicates—a 
handbook—by chapters, and not as a whole, it is very easy to find what you want. It is a very 
timely contribution. 
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This Low-Fat Breakfast 
is Well Balanced 


The importance of an adequate morning 
meal has gained wide recognition. That 
breakfast should be adequate not only in 
calories, but also in its content of essential 
nutrients, is advocated by medical as well 
as nutrition authorities even when rec- 
ommending that the fat intake in the diet 
be lowered. 


The foods commonly eaten at breakfast — 
fruit or fruit juice, cereal, milk, bread and 
butter—are also the foods comprising a 
basic breakfast pattern which has found 
wide endorsement by nutrition authorities. 
As shown below this breakfast pattern pro- 
vides well-balanced nourishment and is low 
in fat and low in cholesterol. 


Nutritive Value of Basic Cereal 

BASIC CEREAL LOW-FAT er 
AND LOW-CHOLESTEROL 
BREAKFAST PATTERN 11.6 
Orange juice, fresh, cup, Carbohydrate. 
Cereal, dry weight, 1 oz., with as ...2.7 mg. 
whole milk, /2 cup, and sugar, Vitamin A... 600 I. U. 
1 tsp., Bread, white, 2 slices, | ar 0.46 mg. 
with butter, 1 tsp., Milk, nonfat 0.80 mg. 
Cholesterol ........... 32.9 mg. 


Note: To further reduce fat and cholesterol use skim milk on cereal which 
reduces Fat Total to 7.0 gm. and Cholesterol Total to 16.8 mg. 
Preserves or honey as spread further reduces Fat and Cholesterol. 


Bowes, A. deP., and Church, C. F.: Food Values of Portions Commonly Used. 8th ed. Philadelphia: A. deP. Bowes, 1956. 
Cereal Institute, Inc.: The Nutritional Contribution of Breakfast Cereals. Chicago: Cereal Institute, Inc., 1956. 
Hayes, O. B., and Rose, G. K.: Supplementary Food Composition Table. ]. Am. Dietet. A. 33:26, 1957. 


CEREAL INSTITUTE, Inc. ¢ 135 South LaSalle Street, Chicago 3 


A research and educational endeavor devoted to the betterment of national nutrition 
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NEO-SYNEPHRINE NASAL SPRAY 


node 
in the MOST 
CONVENIENT 
FORM. 


Neos Synephirine 


HYDROCHLORIDE 


A s A L S e AY | won't break or spill 
e delivers a fine, even spray 
Neo-Synephrine relieves the discomfort 
of hay fever, colds and sinusitis 
promptly and safely without sting, 
drowsiness or tachycardia 
in virtually all patients. 
Neo-Synephrine is available also in 
%%, 2% and 1% solutions 
in bottles of 1 oz. with dropper. 


(| )uithnob LABORATORIES NEW YORK 18, N. Y. 


Neo-Synephrine (brand of phenylephrine) and Zephiran (brand of benzalkonium, 
as chloride, refined), trademarks reg. U. S. Pat. Off. 
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